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Preface 


This  report  was  prepared  as  part  of  the  Monitoring  of  Completed  Coastal 
Projects  Program  (MCCP)  at  the  U.S.  Army  Engineer  Waterways  Experiment 
Station  (WES).  Work  was  carried  out  under  Work  Unit  22121,  "Periodic 
Inspections."  Ms.  Carolyn  M.  Holmes,  WES  Coastal  Engineering  Research 
Center  (CERC),  is  Program  Manager  of  the  MCCP  and  Messrs.  John  H. 
Lockhart,  Jr.,  John  G.  Housley,  and  Barry  W.  Holliday,  Headquarters,  U.S. 
Army  Corps  of  Engineers,  are  the  Technical  Monitors. 

This  report  is  the  first  in  what  will  he  a  series  of  reports  tracking  the  long¬ 
term  structural  response  of  the  Kahului  breakwaters,  Kahului  Harbor.  Maui, 
Hawaii,  and  Laupahoehoe  breakwater,  Laupahoehoe  Boat  Launching  Facility, 
Hawaii,  Hawaii,  to  their  environment.  The  information  contained  in  this 
report  was  gathered  from  land  and  aerial  survey  data  obtained  by  R.M. 

Towili  Corporation,  Oahu,  Hawaii,  under  contract  to  the  U.S.  Army  Engineer 
Division,  Pacific  Ocean  (POD),  from  ground  surveys  conducted  by  the 
Surveying  Branch  of  POD,  and  from  walking  inspections  of  the  structures  by 
Messrs.  Dennis  G.  Markle,  Jeffrey  A.  Melby,  and  George  F.  Turk,  CERC, 
and  Mr.  Stanley  J.  Boc,  POD. 

This  work  was  conducted  during  the  period  February  1990  through 
April  1993  under  the  general  supervision  of  Dr.  James  R.  Houston,  Director, 
CERC,  and  Mr.  Charles  C.  Calhoun,  Jr.,  Assistant  Director,  CERC;  and 
under  the  direct  supervision  of  Mr,  C.  E.  Chatham,  Chief,  Wave  Dynamics 
Division,  CERC.  This  report  was  prepared  by  Messrs.  Markle  and  Boc. 

Director  of  WES  during  publication  of  this  report  was  Dr.  Robert  W. 
Whalin.  Commander  was  COL  Bruce  K.  Howard,  EN. 


The  content!  of  thli  report  art  not  tv  be  used  for  advertising.  publication, 
or  promotional  purpottt.  Citation  of  trade  natnet  doet  not  commute  an  official 
endorsement  or  approval  of  the  ate  of  inch  commercial  products. 


IV 


Conversion  Factors,  Non-SI 
to  Si  Units  of  Measurement 


Non-SI  units  of  measurement  used  in  this  report  can  be  converted  to  SI  units 
as  follows: 


1 


Introduction 


Background 


Under  the  Periodic  Inspections  work  unit,  selected  past  Monitoring  of 
Completed  Coastal  Project  (MCCP)  structures,  and/or  structures  with  unique 
design  aspects  that  have  probable  applications  to  other  projects,  are  considered 
for  inclusion  in  a  periodic  monitoring  program.  Selected  sites  are  presented 
as  candidates  for  development  of  a  periodic  monitoring  plan.  Those  sites 
receiving  favorable  response  during  MCCP  program  review  are  inspected  and 
a  monitoring  plan  is  developed  and  presented  for  approval.  Gr<ce  the 
inoniuu ing  |)ian  for  a  site  is  approved  and  funds  arc  provided,  the  site  is 
reinspected  on  a  periodic  basis  (frequency  of  surveys  are  set  based  on  a 
balance  of  need  and  funding  for  each  monitoring  site)  to  obtain  long-term 
structural  performance  data. 


Monitoring  Approach 


Primary  iaspection  tools  used  are  relatively  low-cost  remote  sensing 
techniques  with  limited  ground  truthing  surveys.  A  majority  of  the  periodic 
inspections  consist  of  capturing  the  above-water  conditions  of  the  structures  at 
periodic  intervals  using  high-re  -lution  aerial  photography.  The  degree  of 
data  analysis,  using  photogrammetric  methods  developed  for  and  successfully 
applied  at  the  Manasquan  jetties,  New  Jersey,  and  the  Crescent  City 
breakwater,  California,  vary  from  site  to  site.  A  visual  comparison  of  the 
periodic  aerial  photographs  is  used  to  gauge  the  degree  of  in-depth  analysis 
needed  to  quantify  structural  changes  (primary  armor  unit  movement).  Where 
local  wave  data  are  being  gathered  by  other  projects  or  agencies  and 
acquisition  of  these  data  can  be  made  at  a  relatively  low  cost,  wave  data  are 
correlated  with  structural  changes.  Where  these  detailed  data  do  not  exist, 
general  observations  and/or  documentation  of  major  storms  occurring  in  the 
area  are  presented  along  with  the  monitoring  data.  Use  of  ground  surveys  is 
limited  to  the  level  needed  to  establish  the  accuracy  of  photogrammetric  techniques. 

When  a  structure  has  been  photogtaphed  at  low  tide,  an  accurate, 
permanent  record  of  all  visible  areas  is  obtained.  Through  the  use  of 
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stereoscopic,  photogrammetric  instruments  in  conjunction  with  the 
photographs,  details  of  structural  geometry  can  he  defined  at  a  point  in  time. 
By  direct  comparison  of  photographs  taken  at  different  times,  as  well  as  the 
photogrammetric  data  resolved  from  each  set  of  photographs,  geometric 
changes  of  the  structure  can  be  defined  as  a  function  of  time.  Thus,  periodic 
inspections  of  the  structures  will  capture  permanent  data  that  can  he  compared 
and  analyzed  to  determine  if  structure  changes  are  occurring  that  indicate 
possible  failure  modes  and  the  need  to  monitor  the  structure(s)  more  closely. 

The  breakwaters  at  Kahului  Harbor,  Maui,  Hawaii,  and  Laupahoehoe, 
Hawaii,  Hawaii,  were  nominated  by  the  U  S.  Army  Engineer  Division, 

Pacific  Ocean  (POD).  A  brief  overview  of  the  history  of  these  unique 
structures  follows. 

Kahului  Harbor 


Kahului  Harbor  is  the  only  deep-draft  harbor  on  the  island  of  Maui.  Maui 
is  the  second  largest  of  the  Hawaiian  Islands.  The  harbor  is  approximately 
94  miles'  southeast  of  Honolulu  and  is  centrally  located  on  Maui’s  north  shore 
(Figure  1). 

The  harbor  is  exposed  to  winds  and  waves  from  the  north  and  northeast. 
Both  northeast  trauewind  waves  and  northern  swell  impact  on  Kanuiui  Harbor. 
The  trade  winds  predominate  the  summer  season,  producing  6-  to  10-see, 

4-  to  12-ft  deepwater  waves.  Int  ense  winter  storms  in  the  north  Pacific  Ocean 
create  northern  swell  during  the  months  of  October  through  March. 

Deepwater  waves  can  attain  heights  of  25  ft  with  wave  periods  from  12  to 
18  sec.  These  storms  and,  more  recently,  hurricanes  are  the  sources  of  the 
largest  waves  that  reach  the  Hawaiian  islands. 

Kanuiui  Harbor  is  rich  in  construction,  repair,  and  rehabilitation  history  as 
reported  by  POD  (1981)  and  Sargent,  Markle,  and  Grace  (1988).  The  harbor 
complex  got  its  start  when  a  berthing  area,  dredged  entrance  channel  and 
400-ft-long,  armor  stone  east  breakwater  were  constructed  by  the  Kahului 
Railroad  Company  in  1900.  The  Corps  of  Engineers’  first  involvement  w'ith 
the  project  came  in  1913  when  the  east  breakwater  was  extended  400  ft.  The 
west  breakwater  was  constructed  to  a  length  of  1,950  ft  in  1919.  In  1931,  the 
east  and  west  breakwaters  were  extended  to  their  current  lengths  of  2,766  ft 
and  2315  ft,  respectively.  All  original  construction  used  a  single  layer  of 
keyed  and  fitted,  8-ton  armor  stone  placed  between  the  +  13-ft  mean  low 
lower  water  (mllw)  crest  and  -15  ft  milw  (Figure  2).  Side  slopes  above 
-15  ft  mllw  were  IV  on  2H  on  the  heads  and  IV  on  1.5H  on  the  trunks. 

Below  -15  ft  mllw,  the  IV  on  1H  sloped  structure  was  constructed  of  quarry 
run  stone  (25  lb  minimum  stone  weight). 


2 


1  A  table  of  factors  lor  converting  non-Sl  units  of  measurement  to  SI  units  is  presented  on 
page  v. 


Chapter  1  Introduction 


saodvuiJ.  hoi-cc  '  (  I  *r  ysmmnmrx  .yfwx 


Chapter  1  Introduction 


3 


Kahului  Harbor,  Maui,  Hawaii 


HARBOR  SIDE 


OCEAN  SIDE 
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Between  1931  and  1954.  both  breakwaters  were  severely  damaged  on 
numerous  occasions  and  each  repair  or  rehabilitation  was  carried  out  by 
restoring  the  structure  to  original  conditions  with  8-ton  keyed  and  fitted  armor 
stone.  In  March  of  1954,  storm  waves,  witn  estimated  34-t't  breaker  heights 
at  the  structure  heads,  attacked  Kahului  Harbor  for  a  3-day  period.  The 
outer  185  ft  and  300  ft  of  the  east  and  west  breakwaters,  respectively,  were 
severely  damaged.  This  extensive  damage  initiated  actions  to  base  needed 
repairs  on  current  design  criteria  rather  than  lestering  the  structure,  to  its 
prestorm  conditions.  In  1956,  repairs  were  comp  eted  on  both  breakwaters 
using  33-ton  unreinforced  tetrapods  and  a  concrete  cap  (Figure  3).  The  new 
armo”-  units  were  placed  on  the  heads  of  both  breakwaters  and  extended  250  ft 
shoreward  along  the  sea-side  face  of  the  west  breakwater  trunk. 

A  storm  in  1958  with  estimated  wave  heights  of  25  ft  at  the  structures 
caused  extensive  damage  to  both  breakwaters.  A  breach  in  excess  of  150  ft 
was  opened  up  oil  the  east  breakwater  at  the  transition  between  the  armor 
stone  and  tetrapods.  On  the  west  breakwater,  all  of  the  tetrapods  on  the 
harbor-side  quarter  of  the  head  were  swept  away.  The  IV  oil  2H  slope  used 
in  this  area  was  felt  to  he  the  major  design  deficiency.  Temporary  repairs  of 
the  east  breakwater,  consisting  of  a  large  monolithic  concrete  cap  and 
placement  of  12-ton  or  larger  armor  stone  on  the  seaside  face,  were  completed 
in  1959. 

A  major  breakwater  rehabilitation  was  completed  in  1966.  Both  heads  and 
355  ft  just  shoreward  of  the  east  head  were  included  in  the  repair  (Figure  4), 
which  was  model  tested  at  WES  (Jackson  1964).  The  inboard  quarters  of  both 
heads  were  armored  with  two  layers  of  35-ton  trihars  on  the  upper  one  third 
of  the  slope,  while  the  lower  two  thirds  were  protected  by  a  double  layer  of 
50-ton  tribars.  A  two-layer  system  of  35-ton  tribars  was  placed  from  the  new 
concrete  rib  cap  to  the  toe  of  the  rehabilitated  sea-side  slope  of  the  east 
breakwater  trunk. 

A  storm  in  1967  severely  damaged  the  west  breakwater  trunk .  This  area 
was  repaired  in  1969  by  construction  of  a  concrete  rib  cap  and  placement  of 
260  reinforced  trihars,  weighing  19  tons  each,  on  the  sea-side  slope.  In 
November  of  the  same  year,  the  shore  end  of  the  19-ton  trihars  was  damaged 
by  15-  '.o  20  ft  breaking  waves.  This  area  was  repaired  in  1973  by  an  80-ft 
shoreward  extension  of  the  concrete  rib  cap  and  19-ton  tribars.  The 
shoreward  extent  of  the  tribars  was  buttressed  with  25  trihars,  weighing 
35  tons  each  (Figure  5). 

An  inspection  conducted  in  1973  revealed  that  the  33-ton  tetrapods  on  the 
sea-side  quadrants  of  both  heads  had  sustained  considerable  damage  and  they, 
along  with  the  8-ton  stone  areas  on  both  trunks,  were  in  need  of  repair.  The 
following  repairs  were  completed  in  19/7;  on  the  west  breakwater,  257 
reinforced  dolosse  (30  tons  each)  were  placed  in  two  layers  over  the  33-ion 
tetrapods  on  the  sea-side  quadrant  of  the  head;  291  reinforced  dolosse  (20  tons 
each)  were  placed  on  the  seaside  of  the  west  breakwater  trunk;  on  the  east 
breakwater,  610  reinforced  dolosse  v30  tons  each)  were  placed  in  a  double 
layer  over  the  33-ton  tetrapods  on  the  sea-side  quadrant  of  the  head, 
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Figure  4.  Kahului  breakwater  repair,  1  966 
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Figure  5.  Kahului  and  west  breakwater  repairs  of  1973 


164  reinforced  dolosse  (20  tons  each)  were  placed  in  a  double  layer  on  the 
sea-side  slope  of  the  trunk  beginning  shoreward  of  the  35-ton  tribars;  and, 
extending  shoreward,  two  layers  of  6-ton  unreinforced  dolosse  (455  units) 
were  placed  on  the  sea-side  slope  of  the  east  breakwater  trunk. 

The  most  recent  repairs,  model  tested  by  the  U.S.  Army  Engineer 
Waterways  Experiment  Station  (WES)  Coastal  Engineering  Research  Center 
(CERC)  (Markle  1982),  were  completed  in  1984.  This  rehabilitation  was 
carried  out  in  an  attempt  to  eliminate  the  need  for  future  "piecemeal"  repairs. 
On  the  east  breakwater,  one  layer  of  9-ton  tribars  was  placed  on  the  harbor 
side  between  sta  19  +  50  and  27+  15;  also,  a  concrete  rib  cap  was  constructed 
between  sta  19  +  50  and  sta  23  +  80.  On  the  west  breakwater,  one  layer  of 
6.5-ton  tribars  was  placed  on  the  harbor-side  siope  from  sta  19  +  35  to 
sta  22+00.  Between  sta  17  +  75  and  sta  19  +  35,  single  layers  of  6.5-ton  and 
1 1-ton  tribars  were  placed  on  the  harbor-side  and  sea-side  slopes,  respectively. 
A  concrete  rib  cap  also  was  constructed  in  this  area  and  at  sta  17  +  75,  the 
1 1-ton  sea-side  tribars  were  buttressed  with  25-ton  tribars.  Five  hundred  and 
forty  tribars  weight  6.5  tons  each,  755  tribars  weighing  9  tons  each,  and 
10  tribars  weighing  25  tons  each,  were  placed  during  the  1984  rehabilitation 
work. 

Laupahoehoe  Boat  Launching  Facility 

Laupahoehoe  Point  is  located  on  the  north  coast  of  the  Island  of  Hawaii 
approximately  25  miles  n^rth-northwesi  of  Hilo  (Figure  6).  The  County  of 
Hawaii’s  Laupahoehoe  Point  Park  borders  the  shoreline  of  Laupahoehoe 
Point.  The  park  is  primarily  used  for  day  picnics,  family  gatherings,  and  as  a 
tourist  scenic  attraction  and  rest  stop.  Historically,  Laupahoehoe  Boat 
Launching  Facility  served  as  a  landing  where  livestock  were  imported  to  the 
area.  The  park  has  a  concrete  loading  dock,  restrooms,  a  picnic  area,  a 
pavilion,  and  a  paved  parking  area.  In  addition,  a  concrete  launching  ramp 
was  constructed  within  the  park  limits  in  1970.  By  1984,  the  existing 
launching  ramp  became  unsafe.  The  ramp  was  located  within  what  would 
appear  to  be  a  sheitered  cove,  but  waves  reflecting  off  adjacent  rocky  shores 
created  hazardous  conditions  a  large  percentage  of  the  time.  Local  Fishermen 
found  launching  conditions  too  hazardous  even  under  relatively  calm  ocean 
conditions.  For  this  reason,  the  county  declared  the  ramp  unsafe  and  posted  a 
sign,  "Boat  Ramp  Closed." 

The  waters  offshore  of  Laupahoehoe  are  very  popular  and  productive  for 
Fishing  most  of  the  year,  but  the  area  was  under-used  due  to  dosing  of  the 
launching  ramp.  The  closest  safe  launching  area  was  located  in  Hilo, 

25  miles  away.  This  extra  travel  time  required  more  ice,  limiting  catch 
hauling  capacity  and  available  hours  for  Fishing.  As  well  as  hampering 
Fishing,  the  closed  ramp  severely  limited  the  ability  of  the  Hiio  Rescue  Squad 
and  Coast  Guard  in  responding  to  emergencies  on  the  northeast  Hawaii  coast. 
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POD  developed  plans  to  improve  conditions  in  the  area  with  the  following 
plan  objectives,  taken  from  POD  (1984): 

a.  Improve  commercial  fishing  opportunities  in  the  North  Hilo  and 
Hamakua  Districts  during  the  1985-2135  period  of  analysis. 

b.  Improve  recreational  boating  opportunities  for  the  people  of  the  North 
Hilo  and  Hamakua  Districts. 

c.  Provide  protection  for  trailer  boat  launching  and  recovery  during  ail 
but  storm  conditions. 

d.  Limit  the  protected  water  area  to  launch  and  recovery  operations, 
allowing  sufficient  maneuvering  room. 

e.  Minimize  conflicts  with  existing  and  planned  uses  of  the  affected  area. 

A  250-ft-long  rubble-mound  breakwater  protecting  a  9.5-ft-deep  entrance 
channel,  7.5-ft-deep  turning  basin,  and  a  boat-launching  ramp  was  completed 
in  1988  (Figures  7  and  8).  The  design  layout  for  the  facility  and  stability  of 
the  breakwater  were  optimized  through  physical  model  studies  conducted  by 
CERC  (Bottin,  Markle,  and  Mize  1987).  The  breakwater  is  armored  with  30- 
ton  reinforced  dolosse  and  the  crest  is  stabilized  with  a  concrete  rib  cap.  The 
toe  of  the  dolosse  was  keyed  into  the  hard  basalt  bottom  by  means  of  a  trench 
excavated  around  the  perimeter  of  the  breakwater.  The  rib  can  is  supported 
on  concrete  pipe  columns. 

The  initial  design  of  the  breakwater  core  called  for  the  vertical  placement 
of  the  core  stone  adjacent  to  the  dolosse  and  under  the  concrete  rib  cap. 
However,  the  breakwater  stability  model  study  noted  that  the  stone  beneath 
the  rib  cap  showed  some  displacement  and  consolidation  during  testing.  The 
constructability  review  of  the  plans  also  noted  that  the  vertical  placement  of 
the  breakwater  core  stone  would  be  a  formidable  task  in  the  area’s  year-round 
rough  ocean  conditions. 

A  stable  breakwater  core  was  achieved  through  the  innovative  design  of  a 
reinforced  concrete  pipe  (RCP)  rib  cage  (Figure  7).  The  RCP  rib  cage 
utilized  two  rows  of  60-in.  class  4  RCP,  set  vertically  as  columns,  on  14-ft 
center.  Each  row’s  RCP  columns  were  spaced  8  ft  on  center  with  reinforcing 
steel  and  concrete  placed  inside  of  each  pipe.  The  RCP  columns  and  concrete 
rib  cap  formed  a  containment  cage  for  the  core  and  capstone.  The  RCP  rib 
cage  clearly  provided  a  stable  breakwater  core  and  crest  that  maintained  the 
energy-  dissipating  characteristics  of  the  breakwater  and  was  constructable  in 
the  rough  waters  of  the  project  site. 
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Figure  8.  Aerial  view  of  L.aupahochoe  Boat  Launching  Facility 


The  Problem 


As  reviewed  earlier  in  this  report,  the  east  and  west  breakwaters  at  Kahului 
Harbor  have  undergone  many  repairs  since  the  U.S.  Army  Corps  of  Engineers 
became  involved  with  the  project  in  1913.  Most  of  the  repairs  were  only 
marginally  successful  before  a  unique  breakwater  capping  method,  referred  to 
as  a  concrete  rib  cap,  was  developed  and  tested  on  the  prototype  structures. 

The  ribs  increase  crest  stability,  reduce  wave  overtopping,  provide  buttressing 
for  crest  armor  units,  allow  ease  of  access  for  maintenance,  and  are  less 
reflective  than  solid  concrete  caps.  Initially,  rib  caps  were  cast  first,  with 
subsequent  placement  of  the  armor  units.  During  construction,  it  was 
discovered  that  it  was  difficult  not  to  leave  a  gap  between  the  armor  units  and 
rib  cap  on  the  upper  sea-side  slope.  This  procedure  was  later  reversed  (armor 
units  are  placed  first  and  then  the  rib  caps  are  formed  and  cast  in  place)  in 
order  to  try  to  achieve  better  armor  unit  buttressing.  Periodic  photogrammetric 
surveys  of  the  Kahului  breakwaters  will  aid  in  understanding  the  long-term 
performance  of  the  rib  caps  and  their  stabilizing  effects  on  the  armor  units  and 
the  breakwaters  as  a  whole.  They  also  will  give  a  basis  for  comparing  the 
stability  of  areas  which  used  different  construction  procedures. 

The  250-ft-long  dolos  armored  breakwater  constructed  at  the  Laupahoehoe 
Boat  Launching  Facility  also  utilized  a  concrete  rib  cap.  Due  to  the  interior 
geometry  of  the  structure,  cylindrical  reinforced  concrete  pipes  were  stood  on 
end  and  backfilled  to  provide  a  stable  support  for  the  rib  cap.  The  structure 
also  used  a  unique  toe  entrenchment  technique  to  assist  in  stabilizing  the  toe  to 
the  30-ton  dolosse  on  the  hard  basaltic  bottom.  These  unique  design  features 
appear  to  the  eye  to  he  performing  well  structurally,  and  periodic  photogrammetric 
surveys  will  provide  a  basis  for  a  long-term  structural  assessment  of  the 
project  and  its  possible  application  at  other  sites.  This  fits  well  with  the 
Periodic  Inspections’  hypothesis  that  "Periodic  remote  inspections  can  provide 
long-term  response  data.  " 

Purposes 


The  purposes  of  the  study  reported  herein  were: 

a.  To  develop  methods  using  limited  land-based  surveying,  aerial 
photography,  and  photogrammetric  analysis  to  assess  long-term 
stability  response  of  armor  unit  layers  and  concrete  rib  caps  on  the 
Kahului  and  Laupahoehoe  breakwaters. 

b.  To  conduct  initial  land  surveys,  armor  unit  breakage  inspections, 
aerial  photography,  and  photogrammetric  analyses  to  (1)  test  and 
improve  developed  methodologies  and  accurately  define  armor  unit 
movement  over  the  entire  above-water  armor  unit  fields,  and  (2)  set 
base  conditions  for  breakwater  armor  units  and  rib  caps,  which  can  be 
used  as  controls  when  tire  structures  are  revisited  in  the  future  under 
the  Periodic  Inspections  work  unit. 
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2  Monitoring  Plan  and  Data 


Armor  Unit  Targeting  and  Ground  Surveys 


Monuments  for  both  horizontal  and  vertical  reference  were  established  on 
land  and  on  the  caps  of  the  breakwaters  to  serve  as  control  points  for  the  land- 
based  survey  work  as  well  as  the  photogrammetric  work.  Targets  were 
established  on  the  concrete  armor  units  to  serve  as  a  control  to  check  the 
accuracy  of  the  photogrammetric  work.  Ten,  ten,  and  five  concrete  armor 
units  dispersed  over  the  sea  sides  and  lee  sides  of  the  East  and  West  Kahului 
breakwaters  and  the  Laupahoehoe  breakwater,  respectively,  were  targeted  and 
surveyed.  A  mixture  of  sizes  and  types  of  armor  units  were  targeted 
(Table  1).  Three  targets  were  placed  on  each  concrete  armor  unit.  Target 
locations  were  selected  to  maximize  their  visibility  in  aerial  photography  and 
to  allow  tor  accurate  representation  of  armor  unit  movement.  Each  circular 
target  is  separated  into  four,  90-deg  quadrants.  Adjacent  quadrants  were 
painted  highly  contrasting  colors,  and  opposing  quadrants  were  painted  the 
same  color.  This  style  target  provides  a  precise  center  point  at  which 
measurements  can  be  made  by  both  land  surveys  and  photogrammetric  work. 
To  minimize  the  need  for  repainting  targets,  an  epoxy-based  marine  paint  is 
recommended.  Each  target  was  labeled  with  a  unique  pair  of  alphanumeric 
characters.  The  alpha  characters  identify  the  unit  and  the  breakwater  on 
which  it  resides,  and  the  numeric  characters  identify  the  target  on  the  armor 
unit.  For  example,  armor  unit  "KEA"  indicates  a  unit  on  the  Kahului  East 
breakwater  that  is  unit  A  of  10  units  A  through  J  targeted  on  Kahului  east, 
which  has  three  targets  labeled  KEA-1,  KEA-2,  and  KEA-3  (Figure  9). 

Figures  10-14  show  the  locations  of  all  targeted  units  on  the  Kahului  and 
Laupahoehoe  breakwaters. 

The  targets  on  the  concrete  armor  units  had  their  positions  surveyed  in 
September  1991  and  October  1992.  The  first  survey  work,  along  with  initial 
targeting,  was  conducted  by  l’OD’s  surveying  branch,  while  the  laner 
surveying  was  completed  by  R.M.  Towill  Corporation.  Results  of  these 
surveys  are  shown  in  Tables  2-4  and  field  survey  maps  are  on  file  at  WES. 
Measured  x,  y,  and  z  coordinates  for  each  survey  are  reported  along  with  the 
relative  change  that  occurred  in  each  coordinate  between  the  two  surveys  and 
the  vector  magnitude  of  change  detected.  The  horizontal  datum  is  based  on 
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Figure  10-  Targeted  armor  unit  locations  or;  shoreward  end  of  Kahului  East  breakwater 
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Figure  1 1 .  Targeted  armor  unit  locations  on  seaward  end  of  Kahului  East  breakwater 
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Figure  13.  Targeted  armor  unit  locations  on  seaward  end  of  Kahului  West  breakwater 
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Figure  14.  Targeted  armor  unit  locations  on  Laupahoehoe  breakwater 
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Chapter  2  Monitoring  Plan  and  Data 


the  Hawaii  State  Plane  Coordinate  System,  Zone  1 ,  and  elevations  are  relative 
to  mllw. 


Table  1 

Kahului  and  Laupahoehoe  Breakwaters,  Description  of  Targeted 
Armor  Units 

Location 

Unit 

Description 

Kahului  East 

KEA 

9-ton  tribar 

KEB 

9-ton  tribar 

KEC 

3S-ton  tribar 

KED 

30-ton  doles 

KEE 

30-ton  dolos 

KEF 

35-ton  tribar 

KEG 

35-ton  tribar 

KEH 

30-ton  dolos 

KEI 

30-ton  dolos 

KEJ 

9-ton  dolos 

Kahului  West 

KWA 

1 1-ton  tribar 

KWB 

35-ion  iribrtt 

KWC 

30-ton  dolos 

KWD 

30-ton  dolos 

KWE 

30-ton  dolos 

KEF 

30-ton  dolos 

KWG 

35-ton  tribar 

KWH 

30-ton  dolos 

KWI 

6.5-ton  tribar 

KWJ 

6. 5-ton  tribar 

Laupahoehoe 

LA 

30-ton  dolos 

LB 

30-ton  dolos 

LC 

30-ton  dolos 

LD 

30-ton  dolos 

LE 

30-ton  dolos 

The  purpose  for  armor  unit  targeting  and  conducting  ground  surveys  of  the 
targets  was  to  generate  a  set  of  control  data  by  which  the  accuracy  of  the 
photogrammetric  survey  work  could  be  validated  and  defined.  A  discussion 
and  presentation  of  the  photogrammetric  surveying  data  for  the  armor  unit 
targets  and  a  comparison  to  the  ground  survey  data  can  be  found  later  in  this 
report. 


Chapter  2  Monitoring  Plan  and  Data 


21 


Table  2 

Ooiosse  Target  Movement  Record  from  Ground  Surveys 
Laupahoehoe,  Hawaii 

l|  Horizontal  Datum  Hawai  State  Plane  Coordinale  System.  Zone  1 

j 

Agency 

Date 

Survey 

Nodhing 

Easting 

Elevations 

(Y)  Feet 

(X)  Feet 

(Ft)  Feet  Relative  Movement  (YXZ  ♦  Victor)  || 

Y 

X 

z 

Vector 

Target  LAl 

uscoe 

09-10-91 

Ground 

421.935  29 

588.332  70 

11  86 

H  RMTC 

10-12-92 

Ground 

421,935  29 

588,382  59 

11  88 

000 

(0  01; 

0  02 

0  02 

Target  LA2 

uscoe 

09-10-91 

Ground 

421.928  93 

533.392  94 

15  28 

RMTC 

10-12-92 

Ground 

421.928  93 

588.392  94 

15  30 

000 

000 

(0  02) 

0  02 

Target  LA3 

uscoe 

09-10-91 

Ground 

421.922  73 

586,383  32 

1046 

RMTC 

10-12-92 

Ground 

421.922  74 

588.383.31 

10  50 

001 

(ooi; 

004 

0  04 

[  Target  LOl 

U  uscoe 

09-10-91 

Ground 

421,351  87 

588.354  79 

5  57 

|  RMTC 

10-12-92 

Ground 

421.851  35 

583.354  83 

5.63 

(o  02: 

0  04 

006 

007 

1  Target  LD2 

|  uscoe 

09-10-91 

Ground 

421.844  90 

588.361  96 

l3/*> 

H  RMTC 

10-12-92 

Ground 

421.844  90 

588.361.96 

1309 

000 

coo 

0  04 

0  04 

Target  LD3 

uscoe 

09-10-91 

Ground 

421.340  32 

583.351  09 

9  06 

RMTC 

10-12-92 

Ground 

421.840  28 

588,351.11 

9.11 

(0  04] 

0  02 

005 

0  07. 

Target  LEI 

USCOE 

09-10-91 

Ground 

421.894  16 

588.362  62 

8  17 

RMTC 

10-12-92 

Ground 

421.894  16 

588,382.43 

8  20 

000 

ooi 

0  03 

0  03 

Target  LE2 

uscoe 

09-10-91 

Ground 

421.881  52 

586.362  28 

8  74 

RMTC 

10-12-92 

Ground 

421.881.53 

588.362.  V 

0.79 

0  01 

0  02 

0  05 

005 

Target  L£3 

uscoe 

09-10-91 

Ground 

421.883  09 

588,352  28 

12  13 

RMTC 

10-12-92 

Ground 

421.683  11 

588.352  30 

12.17 

0  02 

0  02 

0  04 

005 

Target  LCl 

uscoe 

09-10  91 

Ground 

421.862  44 

588.339  72 

5  52 

RMTC 

-0-12-92 

Ground 

421.862  45 

508,339.69 

5  57 

0  01 

(0  03 

005 

006 

Target  LC2 

uscoe 

09-10-91 

Ground 

421.856  26 

588.399  46 

11  89 

RMTC 

10-12-92 

Ground 

421.858  25 

588.399  49 

11  92 

(0  01 

0  01 

0  03 

0  03 

Target  LC3 

uscoe 

09-10  91 

Ground 

421.850  11 

583.391  01 

7  80 

RMTC 

10-12-92 

Ground 

421.850  11 

583.391  00 

7  83 

000 

(0  01 

0  03 

0  03 

Target  lBi 

uscoe 

09-10-91 

Group'd 

421.804  25 

586.392  29 

10  59 

RMTC 

10-12-92 

Ground 

421,884  25 

580,392  32 

10  63 

000 

0  03 

0  04 

0  05 

Taryet  L82 

uscoe 

09-10-91 

Ground 

421,874  74 

586,398  31 

15  09 

RMTC 

10-12-92 

Ground 

421.074  75 

508.396  30 

15.90 

0  01 

(0  01 

0  01 

0  02 

Target'  l_B3 

USCOE 

09-10-91 

Ground 

421.672  66 

588.307  30 

1040 

RMTC 

10-12-92 

Ground 

421.6/2  65 

538,330  30 

10  51 

(0  01 

000 

0  04 

0  04 
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Table  3 

Dolosse  Target  Movement  Record  from  Ground  Surveys 
Kahuiui-East,  Maui,  Hawaii 


Horizontal  Datum:  Hawai  State  Plane  Coordinale  Syatem,  Zone  1 


Agency 

Date 

Survey 

Northing 
(V)  Feet 

Easting 

W  Feet 

Eiavotiona 
(FT)  Feet 

Reiatrve  Movement  (YXZ  ♦ 

Vector) 

Y 

X 

z 

Vector 

Target  KEC1 

uscoe 

Ground 

207,201  71 

565.596  70 

780 

RMTC 

1CK6-92 

Ground 

207.201.72 

565.596  80 

7.02 

001 

002 

0.02 

0.03 

Target  K£C2 

uscoe 

Ground 

207.210  32 

565.592  15 

10  54 

RMTC 

10-06-92 

Ground 

207.21033 

565.592  18 

10.56 

001 

003 

002 

0.04 

Target  KEC3 

uscoe 

Ground 

207,209  51 

565,602.21 

11.01 

RMTC 

10-06-92 

Ground 

207,209  53 

565.602.26 

1102 

(0  02] 

0.05 

0.01 

005 

Target  K601 

uscoe 

Ground 

207.271  81 

565,609  22 

18  06 

RMTC 

10-0692 

Ground 

207.271.81 

565,609  24 

1805 

ooo 

002 

(0  01) 

002 

Target  KE02 

uscoe 

Ground 

207.27289 

565,621.02 

14  20 

RMTC 

1006-92 

Ground 

207,27269 

565.621.04 

1420 

000 

0.02 

ooo 

002 

Target  KECB 

uscoe 

Ground 

207,262  35 

565.61444 

11  90 

RMTC 

10-06-92 

Groirtd 

207,262  34 

565.614.46 

11  90 

000 

0  02 

ooo 

002 

Target  KEE1 

USCOE 

Ground 

207,298  90 

565,869  83 

13.83 

| 

RMTC 

10-06-92 

Ground 

207.29690 

585.66982 

1382 

0.00 

(001! 

001 

0  01 

Target  KEE2 

uscoe 

Ground 

207,297  91 

565,681  96 

16  37 

RMTC 

10-06-92 

Ground 

207.297  86 

565.681  95 

16  34 

(0.03) 

(o.oi : 

003 

0.04 

Target  KEE3 

uscoe 

Ground 

207,267  86 

565.67575 

12  23 

RMTC 

10-06-92 

Ground 

207.287  85 

565.675  74 

1220 

(0  01] 

(001] 

003 

0.03 

Target  KEPI 

uscoe 

Ground 

207.265.53 

:  565.722  83 

13  70 

RMTC 

10-06-92 

Ground 

207.265  53 

565.72281 

13  66 

ooo 

(0  02; 

004 

004 

Target  KEF2 

! 

USCOE 

Ground 

207.271  71 

565,732  35 

8  51 

RMTC 

10-06-92 

Ground 

207.271  71 

565.732  33 

8  51 

000 

(0  02; 

00(1 

0  02 

Target  KEF3 

uscoe 

Ground 

207,25912 

565.732  54 

9  31 

RMTC 

10-06-92 

Ground  1 

207,25911 

565,732  51 

9  30 

0  01 

(0  03] 

001 

0  03 

Target  KEG1 

USCOE 

Ground 

207.221  10 

565.749  04 

9  73 

RMTC 

10-06-92 

Ground 

207.222  10 

565.749  79 

9  73 

ooo 

(0  05] 

ooo 

005 

Target  KEC2 

uscoe 

Ground 

207.228  04 

565,755  53 

10  62 

RMTC 

10-06-92 

Ground 

207.228  84 

565.755  48 

10  61 

ooo 

(0  05; 

001 

0  05 

Target  KEG3 

uscoe 

Ground 

207.220  56 

565.758  51 

9  33 

RMTC 

1006-92 

Ground 

207.220  58 

565,758  40 

9.31 

0  02 

(0  03i 

0  02 

0  04 

(Continued) 
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Table  3  (Concluded) 

Horizontal  Oetum  Hewau  state  Bane  Coordinate  System.  Zone  1 

]  Agency 

Oate 

Survey 

Northing 

Easting 

Elevations 

-  = 

00  Feet 

m  Tee- 

(Ft)  Feet 

Relative  Movement  (YXZ  ♦ 

Vecto) 

Y 

X 

z 

Vector 

Target  kebi 

uscoe 

Gnxjnd 

207.11290 

565.756  80 

6  41 

RMTC 

10-06-92 

Ground 

207.112  95 

565.75661 

6  44 

(0  03i 

0  01 

003 

004 

Target  KGB2 

uscoe 

Ground 

207.107  60 

565.755  54 

466 

RMTC 

10-06-92 

Ground 

207.107  57 

565.755  55 

468 

(0  03] 

0  01 

002 

0  04 

Target  K£B3 

uscoe 

Ground 

207.111  69 

565.751  39 

4  77 

RMTC 

10-06  92 

Ground 

207.111  65 

565.751.39 

480 

(0  04) 

000 

0  03 

0  05 

Target  KEH1 

USCOE 

Ground 

207,058  40 

565.995  97 

15  93 

RMTC 

10-06-92 

Ground 

207, C58  30 

565,995  95 

1598 

(0  01 J 

(0  02; 

005 

0  05 

Target  KEH2 

uscoe 

Ground 

207,065  20 

566.066  10 

17  95 

RMTC 

10-06-92 

Ground 

207,065  10 

566.066  09 

18  00 

(0  02) 

(ooi; 

005 

005 

Target  K£H3 

uscoe 

Ground 

207,053  09 

566.007  42 

15  23 

RMTC 

10-06-92 

Ground 

207,053  00 

566.007  36 

15  26 

0  01 

(0.06; 

0  03 

007 

Target  KEA1 

uscoe 

Ground 

206.000  65 

566.164  10 

5  32 

RMTC 

10-06-92 

Ground 

206.886  63 

566,164  13 

5  42 

(0  02) 

0  03 

010 

0  11 

Target  KEA2 

uscoe 

Ground 

206.605  59 

566.168  95 

5  44 

RMTC 

10-06-92 

Ground 

206.805  58 

666,166  99 

5  47 

(0  01) 

0  04 

0  03 

005 

Target  KEA3 

U5COE 

Ground 

206.882  93 

566.163  69 

4  53 

RMTC 

10-06-92 

Ground 

206.082  91 

566.163  92 

4  58 

(0  02) 

0  03 

005 

006 

Target  KEI1 

uscoe 

Ground 

206.939  66 

566.179  90 

11  67 

RMTC 

10-06-92 

Ground 

206.939  62 

566.179  93 

11  68 

(0  04) 

0  03 

001 

0  05 

Target  KEI2 

USCOE 

Ground 

206.945  20 

566.167  63 

17  05 

RMTC 

10-06-92 

Ground 

206.945  24 

566.167  40 

17  12 

0  04 

(0  13 

0  04 

O  16 

Target  KE13 

USCOE 

Ground 

206.934  69 

566.108  89 

15  40 

RMTC 

10-06-92 

Ground 

206.934  6* 

566.180  93 

15  45 

0  05 

0  04 

0  05 

0  08 

Target  KEJ1 

USCOE 

Ground 

206.883  12 

566.270  52 

9  47 

RMTC 

10-06-92 

Ground 

206.883  08 

566.270  53 

9  50 

(0  04) 

0  01 

0  03 

0  05 

Target  KEJ2 

USCOE 

Ground 

206.887  47 

566.275  64 

800 

RMTC 

10-06-92 

Ground 

206.887  45 

666.275  76 

8  04 

0  02 

(0  16) 

0  04 

0  19 

Target  KEJ3 

USCOE 

Ground 

206.082  00 

566  277  04 

12  64 

RMTC 

10-06-92 

Ground 

206.801  97 

566.276  90 

12  64 

(0  03 

(0  06] 

ooo 

0  07 
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Table  4 

Dolosse  Target  Movement  Record  from  Ground  Surveys 
Kahului-West.  Maui,  Hawaii 

Horizontal  Oahxrv  him «*  St»t«  Plane  Coordinate  System.  Zone  1 

1  *0*ncy 

CMtft 

Survey 

Northing 

Easting 

Elevation* 

<Y)  feet 

(X)  Feet 

(Ft)  Fe*i 

Relative  Movement  (YXZ  ♦ 

Vector) 

r- 

Y 

X 

2 

Vector 

TARGET  KWA1 

uscoe 

Ground 

206.990  71 

564,375  09 

8  54 

RMTC 

10-05-92 

Ground 

206,990  72 

564,375  08 

6  64 

0.01 

(0  01 

0  10 

010 

TARGET.  KWA2 

USCOE 

Ground 

206,986  89 

564,378  34 

12  16 

RMTC 

10-05-92 

Ground 

206,986  89 

564,370  32 

12  27 

000 

(0.02 

0  11 

0  11 

TARGET  KWA3 

USCOE 

Ground 

206.985  46 

664,372.57 

10  48 

RMTC 

10-05-92 

Ground 

206.985.46 

564,372  58 

10  57 

000 

001 

011 

0  11 

TARGET  KWB1 

USCOE 

Ground 

207.060  20 

564  486  30 

7  75 

RMTC 

10-05-92 

Ground 

207,060  21 

564,486  35 

7  78 

0.01 

0  05 

0  03 

006 

TARGET  KWB2 

uscoe 

Ground 

207.064  88 

564.491  58 

9  29 

RMTC 

10-05-92 

Ground 

207.064.92 

564.491  63 

9  34 

004 

005 

0.05 

0  08 

TARGET  KWB3 

USCOE 

Ground 

207.058  08 

564.493  29 

7  36 

RMTC 

10-05-92 

Ground 

207.058  11 

564.493  31 

7  40 

003 

0  02 

004 

005 

target  kwci 

USCOE 

Ground 

207,111  52 

tzt.4  bl  4  46 

10  65 

RMTC 

10-05-92 

Ground 

207,111.52 

564.614  46 

10  87 

000 

0  01 

0  02 

0  02 

TARGET  KWC2 

USCOE 

Ground 

207,105  09 

564.607  07 

16  72 

RMTC 

10-06-92 

Ground 

207,105  09 

564.607  87 

16  76 

0.00 

ooo 

004 

0  94 

TARGET  KWC3 

USCOE 

Ground 

207.114  05 

564,603  88 

12  12 

RMTC 

10-05-92 

Ground 

207.11407 

564.603  88 

12  15 

0  02 

000 

0  03 

0  04 

target  kwoi 

USCOE 

Ground 

207.141  40 

564  698  16 

11  72 

RMTC 

10-05-92 

Ground 

207.141  56 

564.698  20 

11  76 

0  16 

0  04 

004 

0  17 

TARGET  KWD2 

USCOE 

C  round 

207.153  46 

564  694  35 

12  78 

RMTC 

10-05-92 

Ground 

207.153  47 

064694  05 

12  82 

001 

000 

0  10 

0  10 

TARGET  KWD3 

USCOE 

Ground 

207.144  07 

564  eat  20 

1700 

RMTC 

10-05-92 

Ground 

207.144  06 

564.68  7  21 

17  03 

(0  0ij 

0  01 

0  03 

0  03 

TARGET  KWE1 

USCOE 

Ground 

207.173  46 

564,787  93 

1409 

RMTC 

10-05-92 

Ground 

207.173  41 

564.787  94 

14  12 

(0  05) 

0  01 

0  03 

006 

TARGET  KWE2 

USCOE 

Ground 

207.185  57 

564.709  00 

11  71 

RMTC 

10-05-92 

Ground 

207.105  55 

564.788  98 

11  74 

(0  02 

(0  021 

0  03 

0  04 

TARGET  KWF.3 

USCOE 

Ground 

207.180  11 

564.777  62 

12  13 

RMTC 

10-05-92 

Ground 

207.180  06 

564.777  63 

12  16 

(0  05 

0  01  1  0  03 

006 

(Continued) 
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|  Table  4  (Concluded) 

|  Hon*ont*i  Datum  Slate  Plane  C  oordjnatc  SyUem.  Zone  1 

|  Agency 

Dole 

Survey 

f'Jrythi.Tg 

Elevations 

ro  Feet 

(X)  Feet 

(FI)  Feel 

Rplat.ve  Movement  (YXZ 

Vector) 

Y 

X 

z 

Vector 

TARGET  KWF1 

uscoe 

Ground 

207.148  76 

564.603  96 

13  18 

RMTC 

10-05-92 

Ground 

207.148  72 

564.603  93 

13  21 

(0  04; 

(0  03, 

0  03 

006 

TARGET  KWF2 

uscoe 

Ground 

207.150  11 

564.816  13 

10  13 

RU7C 

10-0542 

Ground 

207.150  11 

564.616  12 

10  14 

0  00 

(ooi; 

0  01 

0  01 

TARGET  KWF3 

uscoe 

Ground 

207  158  17 

564.810  55 

17  88 

RMTC 

10-05-92 

C  found 

207,158  11 

564.8.0  55 

17  91 

(0  06; 

ooo 

0  03 

0  07 

TARGET  KWG1 

uscoe 

Ground 

207.100  46 

564.795  79 

11  to 

RMTC 

1005-92 

Ground 

207.100  45 

564.795  7  •' 

11  12 

(0  01, 

(0  02 

0  02 

0  03 

TARGET  KWG2 

uscoe 

Ground 

207  098  28 

564.805  42 

9  26 

RMTC 

10-05-92 

Ground 

207.096  26 

564.805  40 

9  28 

000 

(0  02 

0  02 

0  03 

TARGET  KWG3 

USC  -£ 

Ground 

207  107  84 

564.802  60 

1068 

RMTC 

10-05-92 

Ground 

207.107  84 

564.802  56 

1068 

000 

(0  04 

000 

0  04 

TARGET  KWHt 

uscoe 

G'Ound 

207.044  63 

564.753  76 

9  54 

RMTC 

1005  92 

Ground 

207,044  63 

564.753  76 

9  ST 

000 

ooo 

ooo 

000 

TARGET  KWH? 

uscoe 

Ground 

207  035  60 

564  744  69 

9  03 

RMTC 

1005-92 

Ground 

207.035  61 

564,744  70 

9  07 

0  01 

ooi 

0  04 

0  04 

TARGET  *WM3 

USCOC 

Ground 

207,032  54 

564.756  16 

12  87 

RMTC 

1005  92 

Ground 

207.032  94 

564.756  14 

12  89 

ooo 

<0  02) 

0  02 

0  03 

Target  kwh 

uscoe 

Ground 

207.032  05 

564.592  43 

0  05 

RMTC 

1005  92 

Ground 

237.032  84 

564.592  52 

6  12 

(0  01) 

0  09 

0  07 

o  •,  1 

TARGET  KWi2 

uscoe 

Ground 

207  031  22 

564  597  29 

C  76 

RMTC 

1005-92 

Ground 

207.031  29 

564.59/35 

6  IT 

0  07 

0  06 

001 

0  09 

target  KWl3 

uscoe 

G'Ound 

707.028  07 

564.593  IS 

C  03 

RMTC 

10-05  92 

Ground 

207,028  05 

564.593  25 

6  10 

(0  01) 

006 

0  07 

0  09 

TARGET  KWJ1 

uscoe 

Ground 

206  971  56 

564.472  08 

4  70 

RMTC 

1005-92 

Ground 

206.971  5q 

564.472  1 1 

4  76 

C  0? 

0  03 

0  05 

006 

|  target  KWJ2 

|  uscoe 

Ground 

206  96  7  37 

564.469  01 

4  37 

1  RMTC 

1005-92 

Ground 

206.967  38 

564.469  04 

4  .12 

0  01 

0  03 

0  05 

0  06 

TARGET  KWJ3 

uscoe 

Ground 

206.97?  12 

564.466  88 

4  71 

RMTC 

1005  92 

Ground 

206.972  15 

564.46691 

*  77 

0  03 

0  03 

000 

0  07 
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Aerial  Photography 


High-resolution  stereo-pair,  aerial  photographs  were  obtained  on  two 
different  occasions  (Table  5)  for  each  of  the  breakwaters  from  fixed-wing 
aircraft.  At  least  four  monuments  were  established  for  control  of  each  stereo 
pair  and  these  controls  were  verified  or  reestablished  before  each  flight. 
Horizontal  control  was  based  on  the  Hawaii  State  Plane  Coordinate  System 
and  elevations  were  referenced  to  mllw.  Photographs  were  to  be  acquired 
with  a  combination  of  camera  lens  and  airplane  elevation  that  would  result  in 
negatives  and  contact  prints  with  a  minimum  scale  of  1  in.  equal  to  100  ft. 

As  seen  in  Table  5,  all  photographs  met  or  exceeded  this  requirement.  The 
stereo  pairs  for  one  flight  for  each  breakwater  are  shown  in  Figures  15-19. 


Table  5 

Listing  of  Stereo-Pair  Aerial  Photographs 

Breakwater 

Scale(e)  of  Negative* 

Date  of  Photographs 

Laupahoehoe 

6  in  =s  500  ft 

10  October  1991 

Laupahoehoe 

6  in  =  500  ft 

1 1  November  1992 

Kahului  West 

6  in  =  500  ft  &  6  in  =  400  ft 

19  October  1991 

Kahului  West 

6  in  =  500  It 

8  January  1993 

Kahului  East 

6  in  =  600  ft 

19  October  1991 

Kahului  East. 

6  in  =  500  ft 

8  January  1993 

Photogrammetric  Analysis  of  Armor  Unit  Targets 


Stereo  pairs  were  placed  in  a  Wild  Heerburg  BC3  Analytical  Stereoplotter 
?nd  coordinates  of  the  armor  unit  targets  were  read  and  recorded.  These  data 
are  presented  in  Appendix  A.  For  each  target,  the  following  information  is 
listed:  (a)  date  of  flight,  (b)  survey  type,  (c)  Northing,  Easting,  and  Elevation 
coordinates,  (d)  relative  change  in  coordinates  since  last  aerial  flight,  and 
(e)  cumulative  change  in  coordinates  since  first  aerial  flight.  In  this  case, 
since  only  two  flights  have  been  made,  relative  and  cumulative  values  are  the 
same.  Data  for  Laupahoehoe  are  presented  first,  then  East  Kahului,  and 
finally,  West  Kahului.  The  purpose  of  the  photogrammetric  analyses  of  the 
targets  was  to  compare  these  data  to  data  derived  from  ground  survey  work 
(Tables  2-4)  to  establish  the  accuracy  of  photogrammetric  work  and  thus  give 
validity  to  the  detection  methods  that  were  used  to  ascertain  armor  unit 
movement  on  the  breakwaters.  Comparisons  of  the  September  1991  ground 
survey  data  and  the  October  1992  aerial  data  are  presented  in  Table  6  for  East 
Kahului,  West  Kahului,  and  Laupahoehoe  breakwaters.  Plots  of  these  data  are 
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Figure  15.  Stereo  pair  photographs  of  Laupahoehoe  breakwater  taken 
10  October  1991 


28 


Chapter  2  Monitoring  Plan  and  Data 


Figure  18.  Stereo  pair  photographs  of  outer  portion  of  Kahului  West  breakwater 
taken  8  January  1993 
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presented  in  Appendix  B.  Both  the  plots  and  tabular  data  show  close 
comparison  between  ground  and  aerial  survey  data.  No  storm  conditions 
occurred  between  the  September  1991  ground  survey  and  the  October  1991 
aerial  flights,  so  no  armor  unit  movement  was  anticipated.  Therefore,  th  .e 
two  data  sets  provide  a  good  check  of  the  accuracy  of  the  photogrammetr  ; 
analyses.  The  data  show  typical  differences  of  a  few  hundredths  of  a  fou 
between  the  ground  and  aerial  surveys  of  targets.  Maximum  differences  were 
equal  to  or  less  than  0.17  ft,  and  this  level  of  difference  was  rare  in  the  data 
set.  In  the  armor  unit  movement  analysis  discussed  later  in  this  report,  efforts 
were  made  to  resolve  magnitudes  of  armor  unit  movement  that  equaled  or 
exceeded  0.5  ft.  These  data  show  that  this  accuracy  can  be  resolved  using 
photogrammetric  analysis. 

Photo  Maps 


Aerial  images  were  used  to  produce  halftone,  screened,  and  rectified  photo 
maps  of  the  armor  unit  fields  and  concrete  rib  cap  areas  on  the  East  and  West 
Kahului  breakwaters  and  the  entire  Laupahoehoe  breakwater.  These  photo 
maps  are  in  positive  reverse  reading  form  on  28-in.  by  40-in.  double-matte 
Mylar  sheets  and  were  produced  at  a  scale  of  1  in.  equals  20  ft.  These  high- 
resolution  maps  allow  for  visual  inspection  of  the  above-water  portions  of  the 
breakwaters  and  comparison  between  maps  produced  during  different  time 
periods.  Reduced  reproductions  of  the  10  October  1991  photo  map  for 
Laupahoehoe,  and  8  January  1993  photo  maps  of  Kahului  West  and  Kahului 
East,  are  presented  in  Figures  20-22,  respectively.  Full-scale,  original  photo 
maps  for  both  years’  aerial  flights  are  on  file  at  the  authors’  offices  at  WES 
and  POD. 

Armor  Unit  Movement  Detection 


A  methodology  was  developed  to  detect  movement  that  occurred  between 
successive  aerial  surveys  of  all  armor  units  visible  above  the  waterline. 
Breakwater  stereo  pairs  taken  during  the  first  year’s  flight  were  mounted  in 
the  stereoplotter  and  the  XYZ  coordinates  of  three  prominent,  reproducible 
points  on  each  visible  armor  unit  were  read  and  recorded  in  a  computer  file. 
The  second  year’s  stereo  pairs  then  were  analyzed  in  the  same  manner.  The 
two  coordinate  files  then  were  converted  to  AutoCAD  files  and  when  both 
files  were  displayed  on  a  video  screen  armor  unit,  movement  between  the  two 
years  was  easily  detected.  Coordinates  of  the  points  for  the  armor  units  which 
appeared  to  show  movement  equal  to  or  greater  than  0.5  ft  were  stored  to 
separate  file  and  magnitudes  of  the  XY  vector  changes  for  each  of  the  three 
points  on  the  armor  unit  were  calculated.  Table  7  presents  the  data  on 
10  armor  units  that  met  or  exceeded  the  threshold  movement  between  the  1991 
and  1993  aerial  flights.  All  of  these  units  were  on  the  Kahului  breakwaters 
(six  and  four  on  the  west  and  east  breakwaters,  respectively).  No  units 
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aupahoehoe  Boat  Launching  Facility  from  10  October 


.  Rectified  photo  map  of  Kahului  West  breakwater  from  8  January  1993 


Rectified  photo  map  of  Kahu'.ui  East  breakwater 
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meeting  the  threshold  movement  were  detected  on  the  Laupahoehoe 
breakwater.  The  point  showing  maximum  magnitude  for  each  of  these 
10  units  was  noted  by  arrows  designating  direction  and  magnitude  of 
movement  on  transparent  overlays  for  the  1993  photo  maps.  These  movement 
vectors  are  shown  on  the  photo  maps  displayed  in  Figures  21  and  22. 

When  the  breakwaters  are  reinspected  and  subsequent  aerial  flights  are 
made,  this  movement  detection  methodology  will  be  used  to  determine  and 
present  armor  unit  movement.  This  will  allow  subtle  changes  occurring  on 
the  breakwaters,  which  are  typically  missed  during  normal  visual  breakwater 
inspections,  to  be  quantified.  During  past  inspections  of  the  older  rib  cap 
areas  of  the  Kahului  breakwaters,  it  could  not  be  determined  whether  the  gaps 
between  the  rib  cap  and  armor  units  on  the  upper  sea-side  slope  were 
increasing  or  whether  that  was  how  these  areas  were  constructed.  Through 
periodic  aerial  photography  and  application  of  this  movement  detection 
analysis,  areas  in  the  armor  unit  fields  that  are  showing  movement  can  be 
detected  and  monitored  more  closely  to  determine  the  probable  causes  of 
changes.  In  some  areas,  motion  above  the  waterline  may  indicate  changes 
occurring  under  the  water  that  could  be  jeopardizing  the  structural  integrity  of 
the  breakwater.  Also,  when  storms  occur  at  a  level  that  could  result  in  armor 
unit  motion,  these  analysis  methods  can  be  applied  to  measure  the  resulting 
changes  and  response  of  the  breakwaters  to  these  storms. 

Helicopter  Inspections 


In  April  1992,  low-level  helicopter  inspections  were  made  of  the  Kahului 
and  Laupahoehoe  breakwaters  to  obtain  closeup  35-mm  photographs.  The 
35-mm  photographs,  along  with  aerial  photographs  showing  the  approximate 
locations  of  these  photographs,  are  shown  in  Figures  C1-C16  in  Appendix  C. 
The  purposes  of  these  inspections  were:  (a)  to  provide  oblique  photographs 
that  could  easily  be  viewed  to  gain  insight  into  the  conditions  of  the 
breakwaters,  and  (b)  to  obtain  a  count  of  visible  armor  unit  breakage. 

Findings  from  the  inspections  and  review  of  the  35-mm  photographs  and  the 
1991  stereo  pairs  revealed  that  13,  3,  and  0  armor  units  were  broken  on  the 
Kahului  West  and  East  breakwaters  and  the  Laupahoehoe  breakwater, 
respectively.  Selected  35  mm  photographs  were  combined  with  the  rectified 
photo  maps  to  show  details  of  armor  unit  breakage  locations  on  the  Kahului 
breakwaters.  These  were  reduced  and  are  presented  in  Figures  23  and  24.  In 
September  1992,  a  walking  inspection  of  the  Kahului  breakwaters  was  carried 
out  by  Melby  and  Turk  (1993)  to  obtain  details  on  concrete  armor  unit 
breakage  for  input  to  ongoing  research  being  funded  under  work  units  in  the 
Coastal  Engineering  Research  Program  and  the  Repair,  Evaluation, 
Maintenance,  and  Rehabilitation  Research  Program.  Close  study  of  the 
structures  revealed  that  28  and  1 1  units  were  broken  on  the  West  and  East 
Kahului  breakwaters,  respectively.  These  breakage  figures,  along  with  those 
revealed  from  the  aerial  inspections,  are  presented  in  Table  8. 
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Table  8 

Concrete  Armor  Unit  Breakage  Summaries  for  Kahului 

Breakwaters 

Number  broken 

Number 

cracked 

Breakwaier 

Armor 

Slia 

tons 

Aerial 

Melby  and 
Turk 

Melby 
and  Turk 

West 

Dolos 

30 

5 

8 

3 

\  West 

Dolos 

20 

5 

13 

4 

West 

Tribar 

19 

2 

6 

5 

West 

Tribar 

SO 

0 

1 

0 

West 

Tribar 

6.5 

1 

0 

0 

East 

Oolos 

3 

0 

0 

1 

East 

Dolos 

6 

3 

9 

0 

East 

Tribar 

35 

0 

2 

2 

The  walking  inspection  by  Melby  and  Turk  (1993)  occurred  several  months 
after  the  aerial  inspections,  but  the  time  factor  does  not  account  for  the 
considerably  larger  number  of  broken  armor  units  revealed  by  the  hands-on 
inspection  when  compared  to  the  aerial  surveillance  results.  The  difference  is 
associated  with  the  difference  in  accuracy  and  visibility  between  the  two 
methods.  The  aerial  inspection  does  not  pick  up  on  the  cracked,  but  yet 
unbroken,  units,  and  the  broken  units  in  shadows,  in  the  splash  zones  and  in 
the  underlayers.  This  observation  shows  that  breakage  counts  obtained  from 
the  aerial,  or  remote  sensing,  technique  must  be  understood  to  not  be  totally 
accurate  and  for  a  definite  understanding  of  breakage  quantities,  a  hands-on 
walking  inspection  of  the  armor  unit  fields  is  essential.  The  aerial  inspection 
fulfills  its  anticipated  results  in  that  it  will  reveal  to  some  degree  the  breakage 
and  its  distribution  and  it  will  give  insight  into  when  closer  inspections  of  the 
armor  unit  fields  are  needed  to  ascertain  accurate  counts  on  armor  breakage. 
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Figure  23.  Armor  unit  breakage  inspection  of  Kabuiui  West  breakwater 


Figure  24.  Ar'mor  unit  breakage  inspection  of  Kahului  East  breakwater 


3  Summary 


By  means  of  limited  land  surveys,  low-level  helicopter  inspections  with  35- 
tnm  photography,  aerial  photography,  and  photogrammetric  analysis,  base 
conditions  have  been  established  for  the  Kahului  and  Laupahoehoe 
breakwaters.  Accuracy  of  the  photogrammetric  analysis  techniques  has  been 
checked  through  comparison  of  ground  and  aerial  survey  data  on  armor  units 
that  had  been  specifically  targeted  and  surveyed  for  this  purpose.  A  method 
using  high-resolution,  stereo  pair  aerial  photographs,  a  stereoplotter  and 
AutoCAD  files,  has  been  developed  and  tested  to  analyze  the  entire  above¬ 
water  armor  unit  fields  to  quantify  armor  unit  movement  that  exceeds  a 
threshold  value  of  0.5  ft.  During  testing  of  the  method,  it  was  observed  that 
very  little  change,  in  regard  to  armor  unit  movement,  occurred  during  the 
1991-1993  monitoring,  but  this  should  be  anticipated,  as  the  wave  climate  to 
which  the  structures  were  exposed  was  very  mild  during  this  time  period. 
Low-level  helicopter  surveys  of  concrete  armor  units  revealed  no  breakage  on 
the  Laupahoehoe  breakwater  and  only  minimal  amounts  of  breakage  on  the 
Kahului  structures.  A  walking  inspection  of  the  Kahului  breakwaters 
conducted  under  another  research  study  revealed  higher  levels  of  armor 
breakage  than  found  by  aerial  studies.  The  level  of  breakage  is  still  minimal, 
but  the  area  at  the  confluence  of  the  sea-side  of  the  head  and  trunk  of  the  west 
breakwater  is  beginning  to  show  a  slight  concentration,  or  cluster,  of  breakage 
and  this  area  should  be  monitored  more  closely  than  other  areas.  Also,  the 
land-based  breakage  survey  revealed  that  the  accuracy  of  aerial  breakage 
inspections  can  be  questionable  and  that  for  more  accurate  armor  unit 
breakage  counts,  detailed  walking  inspections  should  be  conducted  over  the 
armor  unit  fields. 

Now  that  the  base  (control)  conditions  have  been  defined  at  a  point  in  time 
and  a  method  has  been  developed  to  closely  compare  subsequent  years  of 
high-resolution  aerial  photography  of  the  Kahului  and  Laupahoehoe 
breakwaters,  these  sites  will  be  revisited  during  future  years  under  the 
Periodic  Inspections  work  unit  to  gather  data  by  which  assessments  can  be 
made  on  the  long-term  response  of  the  structures  to  their  environment. 

Insight  gathered  from  these  efforts  will  allow  definite  decisions  to  be  made 
based  on  sound  data  as  to  whether  or  not  closer  surveillance  and/or  repair  of  a 
structure  is  required  to  reduce  the  chance  that  it  will  fail  catastrophically. 
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Also,  the  periodic  inspection  methods  developed  and  validated  for  these 
structures  can  be  used  to  gain  insight  into  other  Corps’  structures. 
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Appendix  A  Aerial  Survey  Tata  for  Armor  Unit  Targets 


1  Armor  Unit  Target  Movement  Record  From  Aerial  Surveys 
|  Laupahoehoe  Breakwater,  Hawaii 

larger  id: 

A 1 

Type  of  Survey:  AERIAL 

Oate 

Survey 

f'orth>ng(Y)  ft. 

6a3tir>g(x)  ft.  E(ev.(2)  ft. 

Relative  Movement 

C  YX2  1 

CLirvilar  we 

Movement 

(TXZ) 

91/10/10 

AER1AI 

*21935. JO 

586582 .69  11.06 

0.00  0.00  0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

92/11/22 

AERIAL 

421935.34 

588382.08  11.94 

0.04  -0.01  0.03 

0.09 

0.04 

•0.01 

0.08 

0.09 

|  Target  Id: 

A2 

Type  of  Survey:  AERIAL 

I  Oate 

Survey 

Northing(T)  ft. 

East ing(X)  ft.  Elev.lZ)  ft. 

Relative  Movement 

(YX2) 

Cirulat  we 

Movement 

1YX2) 

1  91/10/10 

AERIAL 

421928.98 

588392.91  IS. 30 

0.00  0.00  0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

]  92/11/22 

AERIAL 

421929.01 

588392.89  IS. 35 

0.05  -0.04  o.os 

0.08 

O.OS 

-0.04 

0.05 

0.08 

1  target  Id: 

A3 

Type  of  Survey:  AERIAL 

|  Dare 

Survey 

Mor?hing(T)  ft. 

Easting(X)  ft.  Eiev.(Z)  ft. 

Relative  Movement 

(TX2) 

Cinulat  we 

Movement 

(TXZ) 

R  91/10/10 

AERIAL 

421922.73 

588383.51  10.48 

0.00  0.00  0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

P  92/11/22 

AERIAL 

421922.77 

586583.  ?9  10.51 

0.04  -0.02  0.03 

0.05 

0.C4 

-0.02 

0.03 

0.05 

Target  Id: 

01 

Type  of  Survey:  AERIAL 

Cate 

Survey 

Worthing(Y)  ft. 

Easting(Y)  ft.  Ei«v.<Z)  ft 

Relative  Movement 

(TX2) 

Ctxnul at  t  ve 

Movement 

(TXZ) 

91/10/10 

aerial 

421884.27 

588392.28  10.62 

0.00  0.00  C.OO 

0.00 

0.00 

0.00 

O.CO 

0.00 

92/11/22 

aerial 

421884.27 

588392.30  10.74 

0.00  0.02  0.12 

0.12 

0.00 

0.02 

0.12 

0.12 

Target  10: 

02 

Type  of  Survey:  AERIAL 

Oate 

Survey 

Morthing(Y)  ft. 

East ing(X )  ft.  Elev.CZ)  ft. 

Relative  Movement 

(YX2) 

Currxjlat  we 

Movement 

(TXZ) 

8  91/10/10 

ACR.'Ac 

421C74.77 

588558.30  15.91 

C.CO  C.CC  0.00 

0.00 

O.CO 

0.00 

O.CO 

0.00 

R  92/11/22 

AERIAL 

421874.78 

588398.31  15.91 

0.01  0.01  0.00 

0.01 

0.01 

0.01 

C.OO 

0.01 

Target  Id: 

83 

Type  of  Survey:  AERIAL 

Cate 

Survey 

Northtng(Y)  ft. 

East  ir>g(X)  ft.  Flev.(Z)  ft. 

Relative  Movement 

<rx2> 

Cunulat  ivc 

Movement 

(TXZ) 

91/10/10 

AERIAL 

421872.67 

588387.29  10.53 

0.00  0.00  0.00 

0.00 

0.00 

0.00 

C.CO 

0.00 

92/11/2? 

AERIAL 

421872.70 

588387.44  10.50 

0.03  0.15  -0.03 

0.16 

0.03 

0.15 

•0.03 

0.16 

n  1arg«rl  d: 

Cl 

Type  of  Survey:  AERIAL 

D  Oate 

Suf  v*  f 

Northu.g(Y)  ft. 

Eastw:g(X>  ft.  [lev. (?)  ft. 

Relative  Movement 

(TXZ) 

Ctmul  at  we 

Movement 

(TXZ) 

1  9V10/10 

H9}^' 

42186?. 53 

588389.72  5.52 

O.CO  0.00  0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

A2 
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B  Armor  Unit  Target  Movement  Record  From  Aerial  Surveys 
|  Laupahoehoe  Breakwater,  Hawaii 

|  Target  td:  Cl 

Type  of  S  irvey:  AERIAL 

Date  Survey 

Northing(Y)  ft. 

Easting(X)  ft.  Eiev.U)  ft. 

Relatwe  Hovement 

(YXZ) 

Cunulati  ve 

Movement 

f  YXZ) 

92/11/22  AERIAL 

421862.53 

588559.73  5.55 

0.00 

0.01  0.03 

0.03 

0.00 

0.01 

0.03 

0.03 

Target  Id:  C2 

Type  of  Survey:  AERIAL 

Oate  Survey 

Morthing(Y)  ft. 

Easting(X)  ft.  Elev.(Z)  ft. 

Relative  Movement 

(YXZ) 

emulative 

Movement 

(YXZ) 

91/10/10  AERIAL 

421858.28 

568399.46  11.93 

0.00 

0.00  0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

92/11/22  AERIAL 

421858.29 

588399.46  11.89 

0-01 

0.00  -0.04 

0.04 

0.01 

0.00 

•0.04 

0.04 

Target  Id:  CS 

Type  of  Survey:  AERIAL 

I  Oate  Survey 

Morthing(Y)  ft. 

Easting(X)  ft.  Elev.(Z)  ft. 

Relative  Movement 

(YXZ) 

Cmulat  tve 

Movement 

(YXZ) 

1  91/10/10  AERIAL 

421850.14 

588390.99  7.83 

0.00 

0-00  0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

II  92/11/22  AERIAL 

421850.21 

588391.03  7.90 

0.07 

0.04  0.07 

0.11 

0.07 

0.04 

0.07 

0.11 

Target  Id:  01 

Type  of  Survey:  AERIAL 

Oate  Survey 

Northing(Y)  ft. 

Eesting(X)  ft.  Eiev.U)  ft. 

Rei 

jtive  Movement 

(YXZ) 

Cunulat  i  ve 

Movement 

(  YX2) 

91/10/10  AERIAL 

421851.88 

588354.78  5.61 

€.00 

0.00  0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

92/11/22  AERIAL 

r  21851 .86 

588559.75  5.60 

*0.02 

•0.03  *0.01 

0.04 

-0.02 

-0.03 

*0.01 

0.04 

Target  Id:  02 

Type  of  Survey:  AERIAL 

U  Date  Survey 

Northing'Y)  ft. 

Easting(X)  ft.  eiev.U)  ft. 

Relative  Movement 

(YXZ) 

emulative  Movement 

(7X2) 

|  91/10/10  aerial 

421844.93 

‘88361.97  13.06 

0.00 

0.00  0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

|  92/11/22  AERIAL 

421844.95 

558361.93  13.06 

0.02 

-0.04  0.00 

0.04 

0.02 

-0.04 

0.00 

0.04 

Target  Id:  D3 

Type  of  Survey:  AERIAL 

Dote  Survey 

North i ng( Y )  ft. 

Easting(X)  ft.  Eiev.U)  ft. 

Relative  Movement 

(YX2) 

emulative  Movement 

(YXZ) 

91/10/10  AERIAL 

421840.32 

588351.09  9.09 

0.00 

0.00  o.oc 

0.G0 

0.00 

o.oo 

0.00 

0.00 

92/11/22  AERIAL 

421840.29 

589351.06  9.09 

•0.03 

•0.03  0.00 

0.04 

•0.03 

-0.03 

0.00 

0.04 

Target  Id:  Et 

Type  of  Survey:  AERIAL 

Date  Survey 

North ing(Y)  ft. 

East mg(X)  ft.  Eiev.U)  ft. 

Relat ivr  Movement 

(YXZ) 

Cmulat  ive 

Hovemenc 

(YXZ  ) 

91/10/10  aerial 

421894.18 

588362.41  8.19 

0.00 

0.G0  0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

92/11/22  AERIAL 

421894.20 

588362.41  8.21 

0.02 

0.00  0.02 

0.03 

0.02 

0.00 

0.02 

0.03 

Target  Id:  E2 

Type  of  Survey:  AERIAL 

Oate  Survey 

Northing(Y)  ft. 

East ing(X)  ft.  Eiev.U)  ft. 

Relative  Movement 

(YXZ) 

emulative  Movement 

(YXZ) 

91/10/10  AERIAL 

421681.53 

586362  27  8.77 

0.00 

0.00  0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

92/11/22  AERIAL 

421881.54 

568362. ?5  6.73 

0.01 

-0.02  *0.04 

0.05 

0.01 

*0.02 

•0.04 

0.05 

Target  Id:  E3 

Type  of  Survey:  AERIAL 

Date  Survey 

North inj(Y )  ft. 

East i ng(X)  ft.  Elev.(Z)  ft. 

Relative  Movement 

(YXZ) 

emulative  Movement 

YXZ) 

91/10/10  AERIAL 

421888.12 

568352.27  12.16 

0.00 

0.00  0  00 

0.00 

O.OC 

0.00 

0.00 

o.co 

92/11/22  AERIAL 

421888.10 

588352.26  12.20 

-0.02 

*0.01  0  04 

0.05 

-0.02 

-0.01 

0.04 

0.05 
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A3 


Armor  Unit  Targot  Movement  Record  From  Aerial  Surveys 

East  Kahului  Breakwater,  Hawaii 

Target  Id: 

A1 

lypa  of 

Survey:  AERIAL 

Date 

Survey 

Morthing(Y)  ft. 

Easting(X)  ft 

.  E l ev . ( 2  )  ft. 

Relative  Movement 

(YXZ) 

Cirulat  i  ve 

Movement 

(TX2) 

91/10/19 

AERIAL 

206888.43 

566164.38 

5.27 

0.00  0.00  0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

93/01/08 

AERIAL 

206888.41 

566164.38 

5.28 

•0.02  0.00  0.01 

0.02 

-0.02 

0.00 

0.01 

0.02 

Target  Id: 

A2 

lype  of 

Survey:  AERIAL 

Oat* 

Survey 

Northing(Y)  ft. 

Eastirtg(X)  ft 

.  E lev. (Z)  ft. 

Relative  Movement 

(YXZ ) 

Curulat  i  ve 

Movement 

(YXZ) 

91/10/19 

AERIAL 

206885.34 

566169.28 

5.27 

0.00  0.00  0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

93/01/08 

AERIAL 

206885.34 

566169.26 

5.34 

0.00  -0.02  0.07 

0.07 

0.00 

•0.02 

0.07 

0.07 

Target  Id: 

A3 

Type  of 

Survey:  AERIAL 

date 

Survey 

MorthfngCY)  ft. 

Easting(X)  ft 

E lev. (2}  ft. 

Relative  Movement 

(YXZ) 

Cimjlat  ive 

Movement 

(YXZ) 

91/10/19 

AERIAL 

206882.66 

566164.18 

4.36 

0.00  0.00  0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

93/01/08 

AERIAL 

206882.66 

566164.15 

4.41 

0.00  *0.03  0.05 

0.06 

0.00 

-0.03 

0.05 

0.06 

Target  Id: 

B1 

Type  of 

Survey:  AERIAL 

date 

Survey 

Horthing(Y)  ft. 

Easting(X)  ft 

Elev. (2)  ft. 

Relative  Movement 

(YX2) 

Cuiui  at  ive 

Movement 

(Y.tZ) 

91/10/19 

AERIAL 

207112.85 

565756.85 

6.40 

0.00  0.00  0.00 

0.00 

0.00 

O.CO 

0.00 

0.00 

93/01/08 

AERIAL 

207112.94 

565756.76 

6.45 

0.09  *0.09  0.05 

0.14 

0.09 

•0.09 

0.05 

0.14 

Target  Id: 

82 

fypo  Of 

Survey:  AERIAL 

date 

Survey 

Northing(Y)  ft. 

East ing(X)  ft 

.  Elev. (2)  ft. 

Relative  Movement 

(YX2) 

Cumjiat  ive 

Movement 

(TXZ) 

91/10/19 

AERIAL 

207107.46 

565755.61 

4.65 

0.00  0.00  0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

93/01/08 

AERIAL 

207107.54 

565755 .40 

4.70 

0.03  -0.12  0.05 

0.-.5 

0.08 

•0.12 

0.05 

0.15 

Target  Id: 

83 

Type  Of  Survey:  AERIAL 

Date 

Survey 

Morthir>g(  Y)  ft. 

East  mg(X )  ft 

.  Elev. (2)  ft. 

Relative  Movement 

(YXZ) 

Cttwjlat  ive 

Movement 

(YXZ) 

91/10/19 

AERIAL 

207111.56 

565751 .41 

4.79 

0.00  0.00  0.00 

0.00 

0.00 

0.00 

O.OC 

0.00 

93/01/08 

AERIAL 

207111.64 

565751  .33 

4.82 

0.08  0.08  0.03 

0.12 

0.08 

-0.08 

0.03 

0.12 

Target  Id: 

Cl 

Type  of 

Survey:  AERIAL 

date 

Survey 

Northing(Y)  ft. 

East ing(X )  ft 

.  Elev. (2)  ft. 

Relative  Movement 

(YXZ) 

Cinulat  ive 

Movement 

(TXZ) 

I  91/10/19 

ACRIAL 

ssa 

207201.73 

565596-66 

7.71 

0.00  0.00  0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

A4 
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Armor  Unit  Target  Movement  Record  From  Aerial  Surveys 

East  Kahului  Breakwater,  Hawaii 

1  Target  id: 

Cl 

Type  of 

Survey:  AERIAL 

Cate 

Survty 

Morthing(T)  ft. 

fastmg(K)  ft 

Elev.(Z)  ft. 

Relative  Movement 

(YXZ) 

emulative 

Movement 

(YXZ  ) 

93/01/08 

AERIAL 

207201.62 

565596.60 

7.62 

-0.11  0.14  0.11 

0.21 

-0.11 

0.14 

0.11 

0.21 

Target  id: 

a 

Type  of 

Survey:  AERIAL 

Cate 

Survey 

Morthing{ Y)  ft. 

Ea*t.ngiX)  ft 

.  (lev. (2)  ft. 

Relat  ive  Movement 

(YXi) 

Cunulat  ive 

Movement 

(YXZ) 

91/10/19 

AERIAL 

207210.37 

565592.01 

10.46 

0.00  0.00  0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

9J/01/W 

AERIAL 

207210.26 

565S92. 19 

10.66 

•0.11  0.18  0.20 

0.29 

-0.11 

0.18 

0.20 

0.29 

Target  Id: 

C3 

Type  of 

Survey:  AERIAL 

Date 

Sur  vey 

KortAirig(Y)  ft. 

Easttng(X)  ft 

E lev. (? )  f t . 

Relative  Movement 

(YXZ) 

Currulat  ive 

Movement 

(YX2) 

91/10/19 

AERIAL 

207209.57 

565602.11 

10.93 

0.00  O.CO  0.00 

0.00 

O.CO 

0.00 

0.00 

0.00 

93/01/M 

AERIAL 

207209.4 7 

565602.26 

11.01 

•0.10  0.15  0.06 

0.20 

-0.10 

0.15 

0.0E 

0.20 

target  Id: 

01 

lypf  of 

Survey:  AERIAL 

Cate 

Sui  vey 

Horthtng(Y)  ft. 

f ait ing(X)  ft 

.  Eiev.U)  ft. 

Relative  Movement 

(YXZ) 

Ctitul 

at  i  ve 

Movement 

(YXZ) 

9W10/19 

AiRIAt 

207271 .93 

565609. H 

17.97 

0.00  0.00  0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

9J/01/M 

AERIAL 

207271-74 

565609.27 

18.13 

•0.19  0.13  0.16 

0.28 

-0.10 

0.13 

0.16 

0.28 

Target  Id: 

0? 

Type  of 

Survey:  AERIAt 

Oate 

Survey 

Kofthinflirj  ((. 

l*»ti nj(X)  f( 

.  E lev. (2 )  ft. 

Relative  Movement 

(YXZ) 

emulative 

Movement 

(YX2) 

91/10/19 

A/RIA. 

207272.99 

565 o?l .00 

14.16 

0.00  0.00  0.00 

o.oc 

0.00 

C.OQ 

0.00 

0.00 

■>nr>  7?  A1 

565621  M 

U.5' 

-0.18  0.08  0.15 

0.25 

-0.18 

0.08 

0.15 

0.25 

target  Id: 

DJ 

Type  Of 

Survey;  AERIAL 

Oate 

Survey 

northingi*)  ft. 

l a  ■ : » r^j : / >  it 

.  £l«v.<2>  ft. 

Relat ive  Movement 

(YXZ) 

emulative 

Movement 

(YXZ) 

91/10/19 

aerial 

207262.42 

5656K.33 

11.74 

0.00  0.00  0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

W01/GS 

AERIAL 

207262.25 

5656U.50 

12.04 

0.17  0.17  0.30 

0.38 

-0.17 

0.17 

0.30 

0.38 

Target  |.J: 

M 

Type  Of 

Survey:  AERIAL 

9at* 

Survey 

hoi  thing! t)  f  t . 

Easting(X)  ft 

.  ItCv.(Z)  ft. 

Relative  Movement 

(YXZ) 

Cmulat  i  vc 

Movement 

(YXZ) 

9V10/19 

AC  »  1  At 

207299.01 

665669.63 

13.81 

0.00  0.00  0.00 

0.00 

0.00 

0.00 

0.00 

0  CO 

93/01/M 

AERIAL 

207298.66 

565669.87 

13.84 

-0.15  0.04  0.03 

0.16 

•0.15 

0.04 

0.03 

0.16 

Appertdix  A  Aetial  S'jrvey  Data  lor  Armor  Unit  Targats 
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1  Armor  Unit  Target  Movement  Record  From  Aerial  Surveys 
|  East  Kahului  Breakwater,  Hawaii 

■  Target  Id: 

£2 

Type  of  Survey:  AERIAL 

Date 

Survey 

Northing(Y)  ft. 

Easting(X)  ft. 

Elev. (2)  ft. 

Relative  Movement 

(YX2) 

Cumulative 

Movement 

(YXZ) 

91/10/19 

AERIAL 

207297.99 

565681.97 

16.32 

0.00  0.00  0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

93/01/08 

AERIAL 

207297.66 

565682.00 

16.32 

•0.13  0.03  0.00 

0.13 

•0.13 

0.03 

0.00 

0.13 

Target  Id: 

E3 

Type  of  Survey:  AERIAL 

Date 

Survey 

worthiog(Y)  ft. 

Eastir»g(X)  ft. 

Elev. (2)  ft. 

Relative  Movement 

(YX2) 

Cunul 

stive  Movement 

(YXZ) 

|  91/10/19 

AERIAL 

207267.83 

565675.75 

12.17 

0.00  0.00  0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

93/01/08 

AERIAL 

207287.77 

565675.77 

12.24 

•0.11  0.02  0.07 

0.13 

-0.11 

0.02 

0.07 

0.13 

Target  Id: 

H 

Type  of  Survey:  AERIAL 

Date 

Survey 

Northing(Y)  ft. 

Easting(X)  ft. 

Elev. (2)  ft. 

Relative  Movement 

(TX2) 

Cumulative 

Movement 

<YX2) 

91/10/19 

AERIAL 

207265 .60 

565722.84 

13.62 

0.00  0.00  0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

1  93/01/08 

AERIAL 

207265.55 

565722.83 

13.63 

•0.05  0.01  0.01 

0.05 

-0.05 

-O.ul 

0.01 

0.05 

fl  Target  Id: 

f  2 

Type  of  Survey:  AERIAL 

|  Date 

Survey 

Northing(Y)  ft. 

East iog(X)  ft. 

Elev. (2)  ft. 

Relative  Movement 

(YX2) 

Cumulative  Move<.iem 

(YX2) 

1  91/10/10 

AERIAL 

207271.72 

565732.59 

8.49 

0.00  0.00  0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

1  93/01/03 

AERIAL 

207271.71 

565732.38 

8.46 

•0.01  *0.01  -0.03 

0.03 

•0.01 

-0.01 

-0.03 

0.03 

|  Target  Id: 

F3 

Type  of  Survey;  AERIAL 

Oote 

Survey 

Korthing(T)  fr. 

Easting(X)  ft. 

Elev. (2)  ft. 

Relative  Movement 

(YX2) 

Cu«ul»tiv*  Movnwnt 

(TX2) 

91/10/19 

AERIAL 

207259.06 

565732.56 

9.30 

0.00  0.00  0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

93/01/08 

AERIAL 

207239.09 

565732.52 

9.25 

0.03  0.04  -0.05 

0.07 

0.03 

-0.04 

-0.05 

0.07 

Target  Id: 

Cl 

Type  of  Survey:  AERIAL 

Date 

Survey 

Horthiog(Y)  ft. 

Easting(X)  ft. 

Elev. (2 )  ft. 

Relative  Movement 

(YX2) 

Cumulative 

Movement 

<YX2) 

Vl/10/19 

AERIAL 

207222.09 

565749.87 

9.70 

0.00  0.00  0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

93/01/03 

AERIAL 

207222.09 

565749.82 

9.71 

0.00  0.05  0.01 

0.05 

0.00 

-0.05 

0.01 

0.05 

target  Id: 

G  2 

Type  of  Survey:  AERIAL 

Date 

Survey 

Morthing(Y)  ft. 

Easting(X)  ft. 

Elev. (2)  ft. 

Relative  Movement 

(YXZ) 

Cunulative  Movement 

(YXZ ) 

91/10/19 

AERIAL 

207228.79 

565755-58 

10.60 

0.00  0.00  0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

A6 


Appsrvdix  A  Aerial  Survey  Data  for  Armor  Unit  Tercets 


Armor  Unit  Target  Movement  Record  From  Aerial  Surveys 
East  Kahului  Breakwater,  Hawaii 


Target  Id:  G2  Type  of  Survey:  AERIAL 


Date 

Survey 

Horthing(Y)  ft. 

Easting(X)  ft 

.  E lev. (Z)  ft. 

Relat ive  i 

Movement 

<TXZ) 

Cunjlat  ive 

Movement 

(YX2) 

91/01/06 

AERIAL 

207228. SO 

565755.46 

10.55 

0.01 

•0.10 

•0.05 

0.11 

0.01 

•0.10 

0.05 

0.11 

Target  Id- 

C3 

Type  of  Survey:  AERIAL 

Date 

Survey 

Horthi  r»g(Y)  ft. 

East ing(X)  ft 

.  Eiev.(2)  ft. 

Relative  i 

Moveeient 

(YXZ) 

Cmu' 

■  tive 

Movement 

(YXZ) 

91/10/19 

AERIAL 

207220.55 

565756.58 

9.29 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

93/0 1/C6 

aerial 

207220.59 

565756.51 

9.25 

0.04 

■0.07 

•0.04 

0.09 

0.04 

•0.07 

•0.04 

0.09 

Target  Id: 

Hi 

Type  ct 

Survey:  AERIAL 

Oate 

Survey 

Mc-thirvgtY)  ft. 

Easting^:  ft 

.  E lev. (2)  ft. 

Relative  i 

Movement 

(YXZ  ) 

Cunjlati  ve 

Movement 

(YXZ) 

91/10/19 

AERIAL 

2070-58.21 

565996.16 

15.82 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

93/01/06 

AERIAL 

207058.56 

565996.06 

15.93 

0.15 

■0.10 

0.11 

0.21 

0.15 

•0.10 

0.11 

0.21 

Target  Id: 

m2 

Type  of 

Survey:  AERIAL 

Oate 

Survey 

Morthing(Y)  ft. 

Cast ing(X)  ft 

.  Elev.(Z)  ft. 

Relax »ve  i 

Movement 

(YXZ) 

emulative 

Movement 

(YXZ) 

91/10/19 

aerial 

207065  .04 

566006.31 

17.83 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

93/01/06 

AERIAL 

20 7065.  H 

546006.22 

17.90 

0.10 

0.09 

0.07 

0.15 

0.10 

-0.09 

0.07 

0.15 

Target  Id: 

h3 

lyj*  of 

Survey:  AERIAL 

Date 

Survey 

lo'lMMOl  ft. 

Cast Irtg(X)  ft 

.  Cltv.(Z)  ft. 

Selative  1 

Movement 

<YX2) 

Cumulative 

Movement 

(YXZ) 

91/10/19 

AERIAL 

20  mi. vj 

566007.63 

15.13 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

93/01/06 

*£«!*(. 

207053  06 

S66007.53 

15.23 

0.13 

•0.10 

0.10 

0.19 

0.13 

•0.10 

0.10 

0.19 

target  Id: 

11 

Tyj>t  of 

Survey:  AERIAL 

Oate 

Survey 

North  1^(0  ft. 

East ing(X)  ft 

.  Elev.(Z)  ft. 

Relative  Hovetnent 

(YXZ) 

Cunjlat  ive 

Movement 

(YXZ) 

91/10/19 

AEIUL 

2C6939.43 

566160 . 19 

11.61 

0.00 

0.00 

0.00 

0.00 

C  X) 

0.00 

0.00 

0.00 

93/01/08 

aerial 

2«/7ir  CJ 

v6*ieo. is 

11.51 

0.00 

0.04 

-0.10 

0.11 

0.00 

0.04 

-T).10 

0.11 

Target  Id: 

1 2 

type  of 

Survey:  AERIAL 

Oate 

Survey 

T  >  ft. 

f,ettir.gl«>  ft 

.  Elev.(2>  ft. 

Rel  at  we  Moveinent 

(YXZ) 

emulative 

Movement 

(YXZ) 

91/10/19 

AERIAL 

2/^1  13 

566187.77 

17.04 

0.00 

0.00 

0.00 

0.00 

0-00 

0.00 

0.00 

0.00 

93/01/08 

aerial 

lyjKi 

546167.76 

16.97 

0.01  • 

0.01 

•0.07 

0.07 

0.01 

-0.01 

•0.07 

0.07 

Appendix  A  Aerial  Survey  Oat*  for  Armor  Urit  Tirjjett 
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- - 

Armor  Unit  Target  Movement  Record  From  Aerial  Surveys 

East  Kahului  Breakwater,  Hawaii 

Target  Id: 

13 

Type  of 

Survey:  AERIAL 

Oate 

Survey 

Morthiog(Y)  ft. 

Easting(X)  ft 

.  Elev.(Z)  ft. 

Relative  Movement 

(YXZ) 

Cunjlative  Movement 

(YXZ) 

91/1C/19 

AERIAL 

206934.45 

566189.22 

15.34 

0.00  0.00  0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

93/01/03 

AERIAL 

206934.43 

566189.19 

15.30 

•0.02  0.03  *0.04 

0.05 

•0.02 

•0.03 

-0.04 

0.05 

Target  Id: 

Jl 

Type  of 

Survey:  AERIAL 

Date 

Survey 

NorthingtY)  ft. 

Easting(X)  ft 

.  E l ev . ( 2 )  ft. 

Relative  Movement 

(YXZ) 

Cumulative 

Movement 

<YX2) 

91/10/19 

AERIAL 

206862.86 

566270.84 

9.44 

0.00  0.00  o.co 

0.00 

0.00 

0.00 

0.00 

0.00 

93/01/08 

AERIAL 

206662.86 

566270.83 

9.37 

-0.02  -0.01  -0.0/ 

0.07 

•0.02 

•0.01 

•0.07 

0.07 

Target  Id: 

J2 

Type  of 

Survey:  AERIAL 

Oate 

Survey 

north Jng(T)  ft. 

Essting(X)  ft 

.  Elev.(Z)  ft. 

Relative  Movement 

(YXZ) 

Cumulative 

Movement 

(YXZ) 

91/10/19 

AERIAL 

206667.36 

566276.09 

7.95 

0.00  0.00  0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

93/01/08 

aerial 

206687.23 

566276.13 

7.91 

•C . 13  0.04  -0.04 

0.14 

•0.13 

0.04 

-0.04 

0.14 

Target  Id: 

J3 

Typ*  of 

Survey:  AERIAL 

Oate 

Survey 

RorthirrgCY)  ft. 

Easting(X)  ft 

E lev. (2)  ft. 

Relative  Movement 

(YXZ) 

Cumulative 

Movement 

(TX2) 

91/10/19 

AERIAL 

206661.75 

5662 77. 32 

12.60 

0.00  0.00  0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

95/01/08 

AERIAL 

206881.72 

566277.32 

12.56 

-0.03  0.00  -0.04 

0.05 

-0.03 

0.00 

•0.04 

0.05 

A8 


Appendix  A  Aerial  Survey  Data  for  Armor  Unit  Targets 


Armor  Unit  Target  Movement  Record  From  Aerial  Surveys 
West  Kahului  Breakwater,  Hawaii 


I  Target  Id: 

Al 

Type  of  Survey:  AERIAL 

I  Date 

Survey 

North ing(T)  ft. 

East i ng(X )  ft.  Elav.U)  ft. 

Relative  Movement 

(  YXZ  ) 

Cl 

> 

« 

1 

u 

Movement 

(YXZ) 

1]  91/10/19 

AERIAL 

206990. 76 

564375.09  8. 53 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

N  93/01 /oa 

AERIAL 

206990.72 

564374.97  8.51 

-0.04 

0.12 

•0.02 

0.13 

-0.04 

-0.12 

-0.02 

0.13 

II  Target  Id: 

A2 

Type  of  Survey:  AERIAL 

Date 

Survey 

Northing(Y)  ft. 

EastingfX)  ft.  Elev.(Z)  ft. 

Relative  Movement 

(TXZ) 

Cunjlat  i  ve 

Movement 

(YXZ) 

91/10/19 

aerial 

206986.9 2 

564378.34  12.12 

0.00 

0.00 

C.OO 

0.00 

0.00 

0.00 

0.00 

0.00 

93/01/08 

AERIAL 

206986.89 

564378.20  12.16 

-0.03 

t .  14 

0.04 

0.15 

-0.03 

-o.u 

0.04 

0.15 

Target  Id: 

A3 

Type  of  Survey:  AERIAL 

Date 

Survey 

Northing(Y)  ft. 

Easting(X)  ft.  Elev.(2)  ft. 

Relative  Movement 

(YXZ) 

emulative 

Movement 

(YXZ) 

91/10/19 

AERIAL 

206985.48 

564372.57  10.47 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

93/01/08 

AERIAL 

206985.46 

564372.42  10.43 

-0-02 

0.15 

•0.04 

0.16 

-0.02 

-0.1S 

-0.04 

0.16 

Target  Id: 

81 

Type  of  Survey:  AERIAL 

Date 

Survey 

Horthing(Y)  ft. 

East ing(X)  ft.  Elev.(2)  ft. 

Relative  Movement 

(YXZ) 

emulative 

Movement 

(YXZ) 

91/10/19 

AERIAL 

207060.11 

564486.21  7.75 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

93/01/08 

AERIAL 

207060.14 

564486.33  7.84 

0.03 

0.12 

0.09 

0.15 

0.03 

0.12 

0.09 

0.15 

Target  Id: 

82 

Type  of  Survey:  AERIAL 

Date 

Survey 

Horthing(Y)  ft. 

Easting(X)  ft.  Et*v.<2)  ft. 

Relative  Movement 

<YX2> 

emulative 

Movement 

(YX2) 

91/10/19 

AERIAL 

207864.83 

564491.48  9.33 

0.00 

0.00 

0.00 

0.00 

0.00 

o.oo 

0.00 

0.00 

93/01/08 

AERIAL 

20/064.87 

564491.58  9.38 

0.04 

0.10 

0.05 

0.12 

0.04 

0.10 

0.05 

0.12 

Target  Id: 

83 

Type  of  Survey:  AERIAL 

Date 

Survey 

Northing(Y)  ft. 

East ing(X)  ft.  Elev.(2)  ft. 

Relative  Movement 

(YXZ) 

emulative  Movement 

(YX2) 

91/10/19 

AERIAL 

207058.02 

564493.18  7.39 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

93/01/08 

AERIAL 

207058.06 

564493.30  7.43 

0.04 

0.12 

0.04 

0.13 

0.04 

0.12 

0.04 

0.13 

|  Target  Id: 

Cl 

Type  of  Survey:  AERIAL 

B  Date 

Survey 

Northing(Y)  ft. 

Eastmg(X)  ft.  Elcv.(Z)  ft. 

Rela 

ive  Movement 

(YXZ) 

Cunulet  ive 

Movement 

(YXZ) 

|  91/10/19 

L— 

AERIAL 

207111.54 

564614.50  10. BO 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

o.oo 

0.00 

AiJ 


Appendix  A  Aerial  Survey  Data  for  Armor  Unit  Taigets 


Armor  Unit  Target  Movement  Record  From  Aerial  Surveys 

West  Kahului  Breakwater,  Hawaii 

Target  Id: 

Cl 

type  of 

Survey:  AERIAL 

Date 

Survey 

Rorthirvjcr)  ft. 

Eatting(X)  ft 

-  llev.U)  ft. 

Relative  Kovwnent 

( YX2) 

Cixnjlat  ive 

Movement 

(YX2) 

93/01/M 

AERIAL 

207111. SI 

5 64614. $2 

10.64 

•0.03  0.02  0.04 

0.05 

-0.03 

0.02 

0.04 

0.05 

Target  !d: 

C2 

Type  of 

Survey:  AERIAL 

Oate 

Survey 

Morthing(r)  ft. 

East ing(X)  ft 

.  Elev.(Z)  ft. 

Relative  Movement 

(»X2) 

Cirulat  ive 

Movement 

(TXZ) 

91/10/19 

AERIAL 

207105.12 

564607.89 

16.75 

0.00  0.00  0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

93/01/06 

AERIA' 

207105.11 

564607.90 

16.67 

-0.01  0.01  -0.08 

0.08 

•0.01 

0.01 

-0.08 

0.08 

Target  Id: 

C3 

Type  of 

Survey  AERIAL 

Oate 

Survey 

Korthing(Y)  ft. 

Easting(X)  ft 

.  6 lev. (2)  ft. 

Rel  at  >ve  Moveme.it 

(YX2) 

emulative 

Movement 

(YXZ) 

91/10/19 

AERIAL 

207114.09 

564603.90 

12.14 

0.00  O.GO  0.00 

0.00 

0.00 

0.00 

0.00 

o.oo 

93/01/M 

AERIAL 

207114.05 

564603.96 

12.16 

•0.04  0.06  0.02 

0.07 

-0.04 

0.06 

0.02 

0.07 

Target  Id: 

01 

Type  of 

Survey:  AERIAL 

Date 

Survey 

No"thing(T)  ft. 

Easti.ig(X)  ft 

.  E lev.(2)  ft. 

Relative  Movement 

<  TXZ  ) 

CifMJlative 

Movement 

(TXZ) 

1  91/10/19 

AERIAL 

207141.5? 

564696.16 

11.70 

0.00  0.C0  C.00 

o.co 

0.00 

0.00 

0.00 

0.00 

Q  93/01/M 

AERIAL 

207141.53 

564698.17 

11.74 

-0.04  0.01  0.04 

0.06 

•0.04 

0.01 

0.04 

0.06 

■  Target  Id: 

D2 

Type  of 

Survey:  AERIAL 

I  Oate 

Survey 

Northing(Y)  ft. 

Eastmg(X)  ft 

.  El  tv. (2)  ft. 

Relative  Movement 

0X2  > 

Cuwvlat  i  ve 

Movement 

(VX2) 

jj  91/10/19 

AERIAL 

207153.50 

564694.02 

12.75 

0.00  0.00  0.00 

0.04 

0.00 

0.00 

0.00 

u.oo 

|  93/01/M 

AERIAL 

207153.^2 

564694.02 

12.73 

•0.08  0.00  0.03 

0.09 

•0.08 

0.00 

0.03 

0.09 

1  Target  id: 

03 

Type  of 

Survey:  AERIAL 

9  Date 

Survey 

KorlhingtO  ft. 

East ing(X)  ft 

.  Elev. (2)  ft. 

Relative  Movement 

(TX2) 

Cumulative 

Movement 

(TXZ) 

91/10/19 

AERIAL 

20714c .  10 

564687.1® 

16.95 

0.00  0.00  0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

93/01/M 

AERIAL 

207144.06 

564687.20 

16.95 

•0.04  0.02  0.00 

0.04 

-0.04 

0.02 

0.00 

0.04 

Target  Id. 

tl 

Type  of 

Survey:  AERIAL 

|  Oate 

Survey 

korthirg(Y)  ft. 

Easttng(X)  ft 

.  Elev.  (2)  ft 

Relative  Movement 

(TX2; 

o 

I 

< 

Movement 

(TXZ) 

E  91/10/19 

AERIAL 

207173.46 

564  707.89 

14.12 

0-00  O.GO  0.00 

0.00 

O.CO 

0.00 

0.00 

0.00 

1  93/01/08 

AERIAL 

20  7173.35 

564787.80 

14.04 

0.11  0.09  -0.08 

0. 16 

-o.n 

•0.09 

0.08 

0.16 

A10 


Appendix  A  Aenal  Survey  Data  for  Armor  Unit  Target' 


Armor  Unit  Target  Movement  Record  From  Aerial  Surveys 

West  Kahului  Breakwater,  Hawaii 

target  Id-. 

62 

type  of 

Survey;  AERIAL 

Date 

Survey 

Northir>g<Y)  ft. 

Easting(X)  ft 

Elev.(Z)  ft. 

Relative  Movement 

(YXZ) 

Cunulative  Movement 

(YXZ) 

91/10/19 

AERIAL 

207185-60 

564788.95 

11.70 

0.00  0.00  0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

93/01/08 

AERIAL 

207185-43 

564788.82 

11.70 

-0.17  -0.13  0.00 

0.21 

-0.17 

•0.13 

0.00 

0.21 

Target  Id: 

63 

Type  of 

Survey;  AERIAL 

Date 

Survey 

Northing(Y)  ft. 

Sasting(X)  ft 

.  6 lev. (2)  ft. 

Relative  Movement 

(YXZ) 

Cunulative  Movement 

(YXZ) 

91/10/19 

AERIAL 

207180-10 

564777.56 

12.12 

0.00  0.00  000 

0.00 

0.00 

0.00 

0.00 

0.00 

93/oi/oa 

AERIAL 

207179.97 

564777.48 

12.10 

•0.13  -0.08  -0.02 

0.15 

•0.13 

•0.08 

*0.02 

0.15 

Target  Id: 

fl 

type  of 

Survey:  AERIAL 

Date 

Survey 

Horthing(Y)  ft. 

Eesting(X)  ft 

.  Elev.(Z)  ft. 

Relative  Movement 

<YX2) 

Cunjlative  Movement 

(YXZ) 

91/10/19 

AERIAL 

207H6.73 

564803.92 

13.21 

0.00  0.00  0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

9J/O1/0S 

AERIAL 

207148.67 

564803.79 

13.17 

•0.06  -0.13  -0.04 

0.15 

-0.06 

•0.13 

•0.04 

0.1S 

Target  Id; 

F2 

Type  of 

Survey:  AERIAL 

Oate 

Survey 

Horthiog(Y)  ft. 

Easting(X)  ft 

.  Elev.U)  ft- 

Relative  Movement 

(YXZ) 

emulative  Movement 

(YXZ) 

91/10/19 

AERIAL 

207150.13 

564816.13 

10.16 

0.00  0.00  0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

93/01/08 

AERIAL 

207150.0/ 

564815.93 

10.07 

-0.06  -0.20  -0.09 

0.23 

-0.06 

•0.20 

-0.09 

0.23 

Target  Id: 

f  3 

Type  of  Survey:  AERIAL 

Oete 

Survey 

Worthing(Y)  ft. 

Easting (X)  ft 

.  E lev. (2)  ft. 

Relative  Movement 

(YXZ) 

Cunulative 

Moveme.it 

(YXZ) 

91/10/19 

AF.RIAl 

207158.16 

564810.51 

17.92 

0.00  0.00  0.00 

o.no 

0.00 

0.00 

0.00 

0.00 

93/01/08 

aerial 

207158.10 

564810.39 

17.84 

•0.06  -0.12  -0.08 

0.16 

-0.06 

-0.12 

0.08 

0.16 

target  Id: 

Gl 

type  of 

Survey:  AERIAL 

Date 

Survey 

Norttiing(Y)  ft. 

Easting(X)  ft 

-  E lev. (2)  ft- 

Relative  Movement 

(YXZ) 

Cunulative  Movement 

(TX7) 

91/10/19 

AERIAL 

207100.48 

564  m.  78 

11.13 

0.00  0.00  0.00 

0.00 

0.00 

o.oo 

0.00 

0.00 

93/01/08 

AERIAL 

207100.53 

564795.64 

11.17 

0.05  -0.14  0.04 

0.15 

0.05 

-0.14 

0.04 

0.15 

Target  Id: 

G2 

Type  of 

Survey:  AERIAL 

Date 

Survey 

Northing? Y)  ft. 

Easting(X)  ft 

.  EUv.(Z)  ft. 

Relative  Movement 

(YXZ) 

Cmu  l  a  1 1  ve 

Movement 

(YXZ) 

91/10/19 

AERIAL 

207098.30 

564B05.43 

9.28 

u.00  G.OO  0.00 

0.0D 

0.00 

0.00 

0.00 

0.00 

App«r>dix  A  Aerial  Survey  Date  for  Armor  Unit  Targets 


A1  1 


Armor  Unit  Target  Movement  Record  From  Aerial  Surveys 
West  Kahuiui  Breakwater,  Hawaii 


Target  Id: 

G2 

Type  of  Survey:  AERIAL 

Oate 

Survey 

Nor thiog(T)  tt. 

East ing(X)  ft 

.  E lev. (2 )  ft. 

Relative  Movement 

(TXZ) 

Cunulot  ive 

Movement 

(YXZ) 

93/01/08 

AERIAL 

20/098.32 

564805.24 

9.31 

0.02 

*0.19 

0.03 

0.19 

0.02 

•0.19 

0.03 

0.19 

Target  id: 

G3 

Type  of  Survey:  AERIAL 

Oate 

Survey 

Morthing(T)  ft. 

East ing(X)  ft 

.  Elev. (2)  ft. 

Relative  Movement 

(YXZ) 

Cutulat  i  ve 

Movement 

(YXZ) 

91/10/19 

AERIAL 

207107.88 

564802.58 

10.74 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

o.co 

0.00 

93/01/08 

aerial 

207107.89 

S64802.41 

10.74 

0.01 

•0.17 

0.00 

0.17 

0.01 

-0.17 

0.00 

0.17 

Target  Id: 

HI 

Type  of  Survey:  AERIAL 

o«t« 

Survey 

NorthingCY)  ft. 

Easting(X)  ft 

.  Elev.(Z)  ft. 

Relative  Movement 

(YXZ) 

emulative 

Movement 

(YXZ) 

91/10/19 

AERIAL 

20704A. 61 

56*783.78 

9.52 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

o.oo 

0.00 

95/01/08 

AERIAL 

207044.76 

56*753.72 

9.69 

0.15 

•0.06 

0.17 

0.23 

0.15 

•0.06 

0.17 

0.23 

Target  Id: 

H2 

Type  of  Survey:  AERIAL 

Date 

Survey 

Northing(Y)  ft. 

East ing(X)  ft 

.  Elev. (Z)  ft. 

Relative  Movement 

(YXZ) 

Cuaul  at  i  ve 

Movement 

(YXZ) 

91/10/19 

aerial 

207035.78 

564744.66 

9.01 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

93/01/08 

AERIAL 

207035.91 

564744.62 

9.17 

0.13 

•o.o* 

0.16 

0.21 

0.13 

-0.04 

0.16 

0.21 

Target  Id: 

H3 

Type  of  Survey:  AERIAL 

Oate 

Survey 

North ing(Y )  ft. 

East ing(X)  ft 

.  Elev. (2)  ft. 

Relative  Movement 

(YXZ) 

Cumulative 

Movement 

(TXZ) 

91/10/19 

AERIAL 

207032.9? 

$64756.14 

1?  .89 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

t.o » 

0.00 

Vi/01/00 

AERIAL 

207055.05 

56*756.05 

',2.98 

0.13 

•0.09 

0.09 

0.18 

0.13 

•0.09 

0.09 

0.18 

Target  Id: 

11 

Type  of  Survey:  AERIAL 

Oate 

Survey 

Northir>g(T )  ft. 

Easting(K)  ft 

.  E lev. (2)  ft. 

Relative  Movcrarm 

(YXZ) 

Cuajlati  ve 

Movement 

(TXZ) 

93/01/08 

AERIAL 

207032.86 

564592.49 

8.05 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

Target  Id: 

12 

Type  of 

Survey:  AERIAL 

Oate 

Survey 

Northirs(r)  ft. 

East  ing(‘X)  tt 

.  Elev. (2)  ft. 

Relative  Movement 

(YXZ) 

Cuiulat  i  ve 

Movement 

(YXZ  ) 

95/01/08 

AERIAL 

207031.31 

564597.32 

6.73 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

Target  Id: 

13 

Type  of 

Survey:  AERIAL 

Dare 

Survey 

North i ng(Y )  ft. 

East ing(X)  ft 

.  E lev. (2)  ft. 

Relative  Movement 

(YXZ) 

Cuxjlat  i  ve 

Movement 

(YXZ  J 

93/01/08 

aerial 

207028.03 

564593.24 

6.06 

0.00 

0.00 

O.O'' 

0.00 

0.00 

0.00 

0.00 

0.00 

A12 


Appendix  A  Aerial  Survey  Data  for  Armor  l/mi  Targe 


Armor  Unit  Target  Movement  Record  From  Aerial  Surveys 
West  Kahului  Breakwater,  Hawaii 


Target  td: 

Date 

J1 

Survey 

Horthiog(Y)  ft. 

Type  of  Survey:  AERIAL 

EeStir>Q(X>  ft.  EUv.(l)  ft- 

Relative  Movement 

OXZ) 

Cunulat  ive 

Movement 

(TXZ) 

91/10/19 

AERIAL 

206971.55 

5644/2.05  4.71 

0.00  0.00  o.oo 

0.00 

0.00 

o.ou 

0.00 

0.00 

93/01/08 

AERIAL 

206971 .46 

564471.91  4.76 

-0,09  -0.14  0.05 

0.17 

-0.09 

-0.14 

0.05 

0.17 

Target  Id: 

J2 

Type  of  Survey:  AERIAL 

Date 

Survey 

Horthing(Y)  ft. 

Easting(X)  ft.  Elev.(2)  ft. 

Relative  Movement 

\TXZ  ) 

> 

1 

u 

Movement 

OXZ) 

91/10/19 

AERIAL 

206967.35 

564468.97  4.34 

0.00  0.00  o.oo 

0.00 

0.00 

0.00 

0.00 

0.00 

93/'j1/08 

AERIAL 

206967.24 

564468.89  4.46 

-0.11  -0.08  0.12 

0.18 

-0.11 

*0.08 

0.12 

0.18 

Target  Id: 

43 

Type  of  Survey:  AERIAL 

Date 

Survey 

Northing(t)  ft. 

Easting(X)  ft.  Elev.<2)  ft. 

Relative  Movement 

(YX2) 

Curulat  i  ve 

Movement 

OXZ) 

91/10/19 

AERIAL 

206972. n 

564466.39  4.70 

0.00  0.00  0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

93/01/08 

AERIAL 

206972.00 

564466.73  4.84 

•0.14  -0.16  0.14 

0.25 

-0.14 

0.16 

0.14 

0.25 

Appandix  A  Aerial  Survey  Data  for  Armor  Unit  Targets 
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Appendix  B 

Comparison  of  Ground  and 
Aerial  Survey  Data  of  Armor 
Unit  Target  Coordinates 


Appendix  8  Comparison  of  Ground  and  Aerial  Ourvey  Data 


EASTING  COORDINATE.  FT  NORTHING  COORDINATE.  FT 

( Thousands!  (Thousands) 


62 


KAHULUI  EAST  BREAKWATER 

Northing  Survsy  Points 

207.35 
207.30 
207.25 
207.20 
207.15 
207.10 
207.05 
207.00 
206.95 
206.90 
206.85 

A3  B2  B1  Cl  02  01  E3  F2  FI  03  HI  H2  II  33  Jl 

TARGET  LABELS 

□  GROUND  SURVEY  +  AERIAL  SURVEY 


B  ffl 


®  S3® 


®  m  ffl 


B  ffl 


ffl  ffl  ® 


5)  ra  ffl 


H)  “  a; 


51  A2  I  B3  !  C2  I  03X03"  I  El  i  E2~I  F3  I  G1  I  G2  (  H3 1  13  I  12  Hj2 


A1 


KAHULUI  EAST  BREAKWATER 

Easting  Survey  Points 


566.40 

566.30 
566.20 

566.10 

566.00 

565.30 
565.80 
565.70 
565.60 

565.50 


ffl  (2  a 


ffl  ffl  (B 


ffl  (B  B 


ffl  ffi 


ffl  ffi  S3 


ffi  ®  S3 


Eli  Bi 


B  £E  ra 


ffl  ffi  ffl 


A1  TA2  1  B3  I  C2l"c3  I  D3  !  El  I  E2T F3  !  G1  !  G2  1  H3Ti3l72Tj2l 
A3  B2  B1  Cl  02  01  E3  F2  FI  G3  HI  H2  it  J3  Jl 

TARGET  LABELS 

□  GROUND  SURVEY  -  AERIAL  SURVEY 

Appendix  B  Comparison  of  Cround  and  Aerial  Survoy  Data 


3W0R.  FT  lABSlGftOUND-AERIALlI  ELEVATION  COORDINATE.  FT 


KAHULUI  EAST  BREAKWATER 

Elevation  Survay  Point* 


TARGET  LABELS 

□  GROUND  SURVEY  +  AERIAL  SURVEY 


KAHULUI  EAST  BREAKWATER 

ERROR  BETWEEN  AERIAL  AND  GROUND  SURVEY 

0.24 
0.22 
0.20 
o.ie 
0.16 
0.14 
0.12 
0.10 
0.06 
0.06 
0.04 
0.02 
0.00 


Appendix  B  Comparison  of  Ground  and  Aerial  Survey  Data 


+  o 

o  o 

4-  ♦  O  O  O  O  + 

m  □ 

□  o 

G 

-t-  a  o 

o 


□  o  +  +  o 

c  o 

o  n  o  o  +  ♦  o 

o  □  o  o  o  + 

O  +  4-  +  O 

+  o  o 


an  +  o  +  a  +  o  +04  □ 

o  o  +  +  a  u  a  ana  □ 

At  !  A2  I  B3  I«T  C3  I  1)3  !  EM  E2  I  F3  i  G1  I  G2  I  H3  I  13  !  IzT 

A3  B2  B1  a  D2  01  E3  F2  FI  G3  HI  H2  II  J3  J1 

TARGET  LABELS 

n  NORTHING  +  EASTING  o  ELEVATION 


B3  j 

I 


EASTING  COORDINATE.  FT  NORTHING  COORDINATE.  FT 

(Thousands)  ( Thousands  I 


B4 


KAHULUI  WEST  BREAKWATER 

Northing  Survsy  Points 


O  GROUND  SURVEY  +  AERIAL  SURVEY 


KAHULUI  WEST  BREAKWATER 

Easting  Survsy  Points 

564.90 

564.80 

564.70 

564.60 

564.50 

564.4C 

564.30 

Appendix  B  Comparison  of  Ground  and  Aerial  Survoy  Data 


A3  B3  02  C3  Dl  D3  E2  FI  F3  G2  HI  H3  I  J2  Jl 
TARGET  LABELS 

a  GROUND  SURVEY  a  AERIAL  SURVEY 


ERROR.  FT  (ABSt  GROUND- AERIAL))  ELEVATION  COORDINATE.  FT 


EASTING  COORDINATE,  f  T  NORTHING  COORDINATE.  FT 

( Thousands )  I  Thousands  l 


B6 


LAUPAHOEHOE  BREAKWATER 

Northing  Survsy  Points 

42194 
421.93 
421.92 
42191 
421.90 
42169 

42166 

42167 
42166 
42165 
42164 
421.63 

TARGET  LABELS 

□  GROUND  SURVEY  +  AERIAL  SURVEY 


LAUPAHOEHOE  BREAKWATER 

Essting  Survsy  Points 

566.41 


566.40 


566.39 


568.36 


568.37 


568.36 


566.35 


566.34 

A!  A3  A2  B3  B1  B2  C3  a  C2  03  D1  02  El  E2  E3 
TARGET  LABELS 

□  GROUND  SURVEY  +  AERIAL  SURVEY 

Appendix  B  Comparison  of  Ground  and  Aerial  Survey  Data 


A1  A3  A2  33  B1  B2  C3  Cl  C2  D3  D1  D2  El  E2  E3 


ERROR.  FT  i  ABS1GROUND-AERIALI)  ELEVATION  COORDINATE.  FT 


LAUPAHOEHOE  BREAKWATER 


Elevation  Survey  Points 


a  ® 


A1  A3  A2  B3  B1  B2  C3  Cl  C2  D3  D1  D2  El  E2  E3 
TARGET  LABELS 

□  GROUND  SURVEY  +  AERIAL  SURVEY 


LAUPAHOEHOE  BREAKWATER 

ERROR  BETWEEN  AERIAL  AND  GROUND  SURVEY 


O  Q  U 


fB  T  i 


QJ  n- 


4—4 — 4 - 1 - 1 - - J - 4 - ' - 4 - 1 - 1 - 1  — i  - 

A1  A3  A2  B3  Bl  B2  C3  Cl  C2  D3  Dl  D2  El  E2 


□  NORTHING 


TARGET  LABELS 

+  EASTING  o  ELEVATION 
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Appendix  C 

35-mm  Photographs  from  April 
1992  Helicopter  Inspection 


Appendix  C  35-mm  Photographs  from  April  1532  Helicopter  Inspection 


Figure  Cl  Aerial  views  of  Kahului  West  breakwater  showing  locations  of  35-rnm 
photographs  taken  during  April  1992  helicopter  inspection 


C2 


Appendix  C  35-rnm  Photographs  from  April  1992  Helicopter  Inspection 


Figure  C3.  Kahului  West  breakwater  35-mm  photographs  from  April  1992,  KW-7  to  KW-10 


Figure  C5.  Kahului  West  breakwater  35-mm  photographs  from  April  1992,  KW-15  to  KW-18 


Kahului  West  breakwater  35-mm  photographs  from  Apri.  1992,  KW-IOAto  KW-15A 


Figure  C7.  Aerial  view  of  Kahului  East  breakwater  showing  locations  of  35-mm  photographs  taken 
during  April  1992  helicopter  inspection 


C8 


Appendix  C  35-mm  Photographs  from  April  1992  Helicopter  Inspection 


ui  East  breakwater  35-mm  photographs  from  April  1992,  KE-'9  to  KE-22 


Figure  C9.  Kahului  East  breakwater  35-mm  photographs  from  April  1992,  KE-23  to  KE-26 


Figure  CIO.  Kahu'ui  East  breakwater  35-mm  photographs  from  April  1992,  KE-27  to  KE-30 


Appondix  C 


35-mm  Photographs  Irorn  April  1992  Helicopter  Inspection 


Kahukii  East  breakwater  35-mm  photographs  from  April  1992,  KE-31  to  KE-34 


igure  C13  Kahului  East  breakwater  35-mm  photographs  from  April  1992,  KE-21A  to  KE-25A 


Figure  C14.  Aerial  view  of  laupahoehoe  breakwater  showing  locations  of  35  mm  photographs  taken 
during  April  1992  inspection 


Appondix  C  3b  mm  Photographs  from  April  1992  Helicopter  Inspection 


Cl  5 


gire  Cl 5.  Laupahoehoe  breakwater  35-mm  photographs  from  April  1992,  L-8A  to  L-10A 
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